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TO 



Samuel More, Efq. 

Secretary to the Society inftituted at 
London^ for the Encouragement of 
Artiy ManuJaciureSy and Com-* 



merce. 



Sir, 

TT is with propriety that the fol- 
lowing pages are infcribed tP 
you. A Treatife upon the Arts 
fhould have a Patron who under- 
(lands the fubjeSl:. No perfon will 
deny that you are competent to judge 
upon this point. And although I 
acknowledge my diffidence, when I 
think that my Work is to be fub- 
mitted to a perfon of your flcill and 
difcernment, vet I own that I am in 
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fome 



ir DEDICATION.. 

fcytic • d^r^t flatti^d, . that m^ |)cr« 
formajace is not wholly deftitute of 
jffierit, fince you are kind enough to 
accept what I now prefect. 

It is with pleafure alfo that I take 
this opportunity of publicly acknow- 
ledging the obligations I lie under 
to ydur friendfliip and good offices 
ih many inftances, and ^at I am, 
"With gnltitude and efteem, 

:•■ Your obedient 
and very humble fervant, 

Jo&n Imi/bn, 



THE 

PREFACE. 



Zf/'HEN Ifirfi compiled the following JbetiSr 
^^ ' they were not intended for the prefix but for 
mf private amufement^ becavfe they contained she 
principal mattes of what I had either read, feeu, &r 
ixperienced; or indeed what accorded to my inclina* 
tion upon thtfe fubjtQs. I laboured daily to increaft 
Wjl little fiore ; and, having en extenfive apparatus^ 
I carefully proved every experiment before I gave it 
a place in my repojitory. I have alfo tried a variety 
^ other experiments from Smithy Barrow^ Salmon, 
i^c. ^c. without the defired fuccefs ; which was one 
principal motive for the pre fen t publication, as it is 
my wifh that my labours may prove ufeful to thofe 
whofe ingenuity puKf lead them to praSife and im-* 
prove upon jwy ixperience. — / have given, without 
referve, the beft defcriptions I could colleR of every 
thing I have treated*, and I can affirm ^ that every 
page in the book contains matter of real value when 
^pUed to praSice. 

Numerous 
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Numerous are the authors who have written upon 
the mifcellaneous part of thefe fubjeSls; but few of 
them have proved by aSiual experiment what they 
have ajferted ; and indeed this is not to be 'Wondered 
at^ when it is known that experiments are attended 
with much expence. And although I have ufed my 
beft endsavours^yet I will not ajfert but that better 
methods^ in fever al things^ may be difcovered : ne* 
verthelefsy the reader may rely that the faEls I have 
advanced will bear the tejl of any enquiry. \ 

The particular branches of fcience which Ibav$ 
endeavoured to explain^ are thofe.of the Mechanical 
Powersy JEleSiricityy Pneumatics, Hydroftaties and 
Hydraulics, Optics, and Jftronomy; a treatifeon 
Clock^making, the nature, ufe, and conJruSion of the 
Barometer,' and the conJiruSlion of optical and many 
philofophicaiJnJiruments ; all which, IJlatter myfelf, 
the ftudents will find to beeiaSl, whether they are 
€onfultedwith a view to theory or praStice. 

A knowledge of the mechanic powers is now become 
apart of polite education ; and their utility is mani-* 
fejled by daily experience ; therefore fuch definitions^ 
poftulates, and axioms, are premifed as were thought 
necejfary to form a right conception of the principles y 
fo as to form ajufi idea of their application on any 
particular occafion ; and as my reafoning on thefe 
fubjeBs has been general^ fo no regard has been paid 
to the weight of the beam or lever, it being well 

known 
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imwn that thefe muft h tquipoifed hefon fucb ikiQ ■ 
rems can he appUii* 

So many books have hen written upon the fykJiB 
efthe Jrts and Sciences ,, that any p^^fon would ima^^ 
gine that more w ^uld he fuperfiuous* Books^ how* 
iver^ which have hfen written by attihars of credit^ 
an very expenfive and very voiumtnous i and it 
would take too m^nh time to read over and attain m 
thorough knowifdge of the daSfrine they contain. In 
the prefent perthnnance every thing is rendered fumi- 
liar to the meanefi capacity \ and with a little prac- 
tice and per fever ance^ the mojl illiterate artizan can* 
not fail of making a conjiderabli prtgrefs in almojt 
every art and fcience it treats of: hejides^ every arti- 
fcer cannot furnijb bimfelfeafilywith the bejl authors 
tipt^n all the fubjiEls contained m fhii fp^ork ; the ex* 
pence af which and wafie of time, would he too con^ 
jiderable. I have inferted not only hwzun ufeful 
rules upon the fubjeBs I have noticed^ but a great 
many others that are entirely neWj and of very great 
ufe^ both in theory and praSice^ to the working 
mechanic. 



I pretend not to communicate my ideas with the 
imbelliflments of elegant language i my employment 
m a mechanic pleading an excufe for errors or inac* 
curacies in this refpect \ but 1 have endeavoured to 
heplatn^ exacts and intelligible ^ and my meaning will 

n§t 
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not be mifunderjloqd by thofi who pay (ompeUnt at* 
tention to my book. 

In the Mifcellaneoui part of $his performance, 
.manyfecrets are difcovered that are worthy of attenr 
thn ; a great number of which were never before 
publijhed* Some apology may be thought neceffary 
for divulging them j but as I obtained my knowledge 
chiefly by my own indujiryand unwearied applicatioH^ 
J have a right to communicate it. for the benefit^ 
young experimenters, till they can procure better af 
finance ^ or be enabled to ftrike out better methods of 
improvement by their own experience. At a future 
period I intend to publi/b another Volume^ as an Ap- 
pendix to this ', wherein IJhall lay down every caku^ 
• lation in different mill-works, water-works^ fleam" 
engines, ^c. together with a variety of ufeful rules 
for the working mechanic ; to which IJhall alfo add 
fundry Mifcellaneous Articles. 

The mojl valuable improvements in arts andfci-^ 
ences which have appeared of late year s^ are, i. Mcff, 
Watts and Bolton's Steam-Engine ; abriefdefirip^ 
tion of which I have given in the following Treatife : 
2. The Rev. Mr. Cooke's Drill-Plough * ; and al^ 
though I have not admitted an account of it in this 
Treatife J yet 1 cannot help obferving concerning it, 

-• • See Dcfcription in his Drill Hufbandry perfe6led, price is; 
publKhed by Mr. Murray ; alio, Young's Memoirs of Agri- 
enlcurei &c. 

that 
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ihat it is an aJemhUtge of the mechanic pozversfimply 
difpafed to great advantage^ fo as to ajijl that ii«- 
fortant dejign of the inventor^ the improvement of 
agriculture^ in the hjl manner yet attempted : 3- A 
Telefcope ; which is the mojl noble infirument of ibe 
kind ever conflruBedy and which difplays Dr. Her- 
fcheWs optical and agronomical abilities beyond all of 
his cotemporaries. 



Before I conclude^ I mufl acknowledge my obliga* 
iions to Mr, James Wood, oppoftte the Sunday Toll* 
Sar^ Kent'Jlreet Road, Soutlmark, late ColleUof for 
the London Bridge tfater^fVorks ; whofe extenfivi 
knowledge, both in theory and praElia^ of every 
fcience^ is greater than is generally to be met with 
united in one perfon ; and to him J would recommend 
ihofe gentlemen who are in want of curious models 14 
every branch of experimental philo/aphy* 
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MECHANICS. 



DEFINITIONS. 



J, "ly TECHANICS IS a fcience which treats of the 
XVX forces, motiops^. velocities, and in general^ of 
the anions of bodies upon one another } it teaches hQW 
to move any given weight with any given power ; how 
to contrive engines to raife great weights, or to perform 
any kind of iwotipn. 

2. Body, is the mafs or quantity of matter ; an elas- 
tic body is that which yields to a ftroke, and recovers 
its figure again i otherwife, it U called an un^lailic 

3. DenCty, is the proportion of the quantity of m^it- 
ter in any body to the quantity of matter in another 
body of the fame dimenfions. 

4. Force, is a, power exerted on a body to move it ; 
if it ad inftantaneoufly, it is called percuffion, or im* 
pulfc ; if conftantly, it is an accelerative force, 

• 

5. Velocity, is a property of motion, by which a body 
paflesover a certain fpace in a certain time; and it 

No. h B greater 
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greater or lefs, as it paffes over a greater or lefs fpace in 
a certain time : fuppofe a fecond. 

6. Motion, is a continual and fucceffivc change of 
place. If the body moves equally, it is called equable 
or uniform motion ; if it increafes or decreafes, it is 
called accelerated or retarded motion ; when it is com-» 
pared with a body at reft, it is called abfolute motion ; 
but when compared with a body in motion, it is called 
relative motion, 

7. Direftion of motion, is the courfe or way the 
body tends, or the line it moves in. 

8. Quantity of motion, is the motion a body has^ 
confidered both in regard to its velocity and quantity 
of matter. This is called the momentum of a body. 

9. Visinertiae, is the innate force of matter, by which 
, it refifts any change, ftriving to preferve its prcfent ftatc 

of reft or motion, 

10. Gravity, is that force wherewith a body endea- 
vours to fall downwards ; it is called abfolute gravity 
in empty fpace; and relative gravity when immerfed in 
a fluid. 

11. Specific Gravity, is the greater or lefs weight of 
bodies of the fame magnitude, or the proportion be- 
tween their weights. This proceeds from the natural 
deqfity qf bodies, 

12. Center of gravity, is a certain point of a body 
ppon which the bpdy, wh^n fufjpended, will reft in ^ny 
pofitipn, 

13.. Center 
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13. Center of motion^ is a fixed point, round about 
Vrhich a body moves; and the axis of motion is a fixed 
line it moves about* 

14. Power and weight, when oppofcd to one anothei^ 
fignify the body that moves another, and the other 
which is moved ; the body which begins and communi- 
cates ihotlon is the powet; and that which receives the 
motion is the weight. 

15. Equilibrium, is the balance of two or more for- 
ces, fo as to remain at reft* 

i6* Machine or engine, is any inftrument to move 
bodies ; made of levers, wheels, pullies, &c. 

ly. Mechanic powers, are the lever, wheals pulley, 
fcrew, wedge, and the inclined plane. 

18. Strefs, is the effeA any force has to break a 
beam, or any other body ; and the ftrength is the* re-* 
fiftance it is able to make againft any ftraining force* 

19. Friftion, is the rcfiftance which a machine fuf* 
f^rs> by the parts rubbing againfl one another* 



POSTULATj,, 

t. That a fmall part of the furface of the earth ih&y 
be looked upon as a plane j for though the earth be 
totmd, yet fuch a fiiball part of it as we have iny occji^ 
fion to confider, does not fenfibly i&Sct from a plane* 

i Ba a. That 
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&• That heavy b(klie§ defcend in lines. parallel to one 
dnotiher ; for thoisgh they all tend to a pointy which is 
the center of the earth, yet that center is at fuch a dif^ 
tance, that thefe lines differ infenfibly from parallel 
lines* . 

3*;Xhefame body is the fame weight in dl places 
oft or near thfc c^rth^s furface ; for the diiFerence is not 
fenfible in the feveral places vrc can go to. 

4. Though all matter is rotigh, and all Engines im- 
perfeS ; yet, for the eafe of calculation, we muft fup- 
pofe all planes perfeftly even; all bodies pcrfe£Hy 
itXK>oth ; and all bodies and machines to movt without 
friftion or rcfiftance ; all lines ftraight and tinflexiblc, 
without weight or thicknefs ; cords extremely pliable, 

^dibon* 

JXIOMS. 

!• Every body endeavours to remain in Its prefent 
ftate« Whether it be at reft, or moving uniformly in a 
right line. 

2. The alteration of motion by any external force, is 
always proportionable to that force, and in direftion of 
the right line in which the force a£ts. ' 

3. Aftion and fe-aflioii between any two bodies, 
are equal and^ontrary. 

4. The motion of any body is made up of the fupa of 
the motions of ^ the parts. 

5. The 
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5* Tlfe weights of all bodies in the £uDe plicc^ are 
pr^port^nal to the q«arttitief id matter they c6iitaio» 
without any regard to thek £gtire« 

6. The vis inertias of any body, is proportional to 
the quantity of matter. 

7. Every body will defcend to the loweft place it 
can get to. 

8. Whatever fuftains a heavy body, bears all the 
weight of it. . .• i 

•It 

9. Two equal forces a&itiig.againft one anotfadrin 
contrary dire&ions, deftroy anb another^ ttkGt; aad 
unequal forces aA only with the difference of them. • 

, , , \_ 

10. When a body is kept in equilibrium, the cotk^ 
trary fbrc^ in any line of diredion is equaU 

'ii« If a certain force genehite any motion, an 
equal force aAii^ in a contrary direWoOy will dcftroy 
as much motion in the fame time« 

12. If a body be afted on by any power in a given 
diredion, it is all one in what point of that line of di* 
xeAion the power is applied* 

13. If a body is drawn by a rope* all the parts of the 
Tope are equally firetched ; and the force in any part 
afis in direftion of that part ; and it is the f^mc thing 
whether the rope is drawn out at length, or goet over 
fcvetalpullics. 

14. If 
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14* If federal forces atone end of a lever aft agatefl: 
fereral forces at the other end, the lever afts, and is 
afted on, in direftioa of Its length. 



Of the Mechanical PawtrU 

NOW, If we conlider bodies in motion, and compar6 
them together, we may.do this eithtfr with fel^ft 
to the quantities of matter they contain, oi* thcf Veloci* 
ties' with which they are moved j for the heavier any 
body isy the greatiet i8.th{5|K)tvcr required either to move 
orfiop its motion : and again, tlie fwifter it moves, the 
greater is its force : fo that the whole force of a mov- 
ing body is the refult of its quantity of matter multi- 
plied By the velocity with which it is- moved : and 
when the produft ariiSng from the multiplication of 
the particular quantities of matter in any two bodies, 
by their refptfftive Velocities, are equal, the entire forces 
are fo too. *ThXis, fuppofe a body, which we call A, 
to weigh 40 pounds^ and to move at the rate of two 
milei in a minute ; and another body, wliich we call B, 
to weigh only 4 pounds, and to move 20 miles in a 
minute; the entire forces with which thefetwo bodies 
would flrike againft any dbftacle would be equal to 
each other, and therefore it would require equal powers 
to ftop'them : for 40 multiplied by 2 gives 80, the force 
of the body A; and ao multiplied by 4 gives 80, the 
force of the body B. Upon this eafy principle depends 
the whole of mechanics : and it holds univerfally true, 
that when two bodies are fufpended on any machine, 
fo as to aft conti^ary to each other ; if the machine be 

put 
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ptit into motion, and the perpendicular afcent of ono 

body multiplied into its weight, be equal to the perpen** 

dicular defcent of the other body multiplied into its 

weighty thofe bodies, hovir unequal foever in their 

weights, will balance one another in all fit^uations : for^ 

as the whole afcent of one is performed in the fame time 

with the whole defcent of the other, their refpedive velo* 

cities muft be diredly as the fpaces they move through; 

and the excels of weight in one body is compenfated 

by the cxcefs of velocity in the other. Upon this How to 

principle, it is eafy to compute the power of any me- J^JJJI3«iit 

chanical engine, whether fimple or compound ; for it »««.*>«»*«" 

is but only finding how much fwifter the power moves 

than the weight does (i. e. how much farther in the 

fame time) ; and juft fo much is the power increafed 

by the help of the engine. 

In the theory of this fcience we fuppofe all planes 
perfectly even, all bodies perfefily fmootb, levers to 
have no weight, cords to be extremely pliable, machines 
to have no fri£Hon ; and, in fhort, all imperfedions 
muft be fet afide until the theory be eftablifhed ; and 
then, proper allowances are to be made. 

The fimple machines, ufually called mechanical Themeclub- 
powers, are fix in number, viz, the lever, the wheel "*^^^"* 
and axle, the pulley, the inclined plane, the wedge, and 
thefcrew. They are called mechanical powers, becaufe 
they help us mechanically to raife weights, move heavy 
bodies, and overcome refiftances, which we could not 
efFeft without them. 

I • A lever is a bar of iron or wood, one part of which Of thelem 
being fupported by a prop, all the other parts turn upon 
that prop as their center of motion : and the velocity of 

every 
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everj part or. point h (iire£l|Iy as it8 diftancc from tho 
prop; . ThercforeV when the weight to lEie raifed at one 
end is to the power applied to the other to raife it; as 
the diftance of the power from the prop is to the di& 
tance of the weight from the prop, the power and weight 
writ exadly balance or counterpoife each other : and 
as a common Icyer h^ nearly no fri£iion on its prop, a 
very little additional power will be fnfficient to raife 
the weight. 

' There are four kinds of Vsvers. !• The common fort, 
when the prop is placed l^tween the weight and power ; 
but much nearer to the weight than to the power. 
2» When the prop is at one end of the lever, the power 
at the other, and the weight between them. 3. When 
the prop is at one end, the weight at the other, and the 
power applied between them. 4, The bended lever, 
whicl^ differs ^nly in form from the firft fort, but not 
in property. Tliofe of the &:ft and fecond kind are 
often Yifed in' m^chanieal engines; btit there are few 

iftftavicos \n which the' third . fbrt is .ufed, 

.... ' . / 

the hi* '^he balance is a ftraigfat inflexible rod or beam, turn* 

jance. jjjg round a fixed point or axle in the middle of»it, to 

besteaded at each end with weights fufpcnded there : it 
Is by fome reckoned a lever of the firft kind ; but as both 
e^dsaFe fet at tqu^l diftances from its center of jmotion, 
they move with equal velocities; and therefore, as it 
^ves no mechanical advantage, it cannot properly be 
reckoned among the mechanical powers. 

Plate I. Let C D be a beam or lever^ E the middle point or 

**•■ ^ center of motion ; A B the weights, hanging at the ends 

C Di then let the beam and die wei^ts, or the whole 

machine, 
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machine, be fufpended at E ; and fuppofc the beam and 
the weights be turned upon the center E, then the 
points C D being equidiftant from E^ will defcribe 
equal arches, and therefore their velocities will be 
equal; and if the bodies A and B be equal, then the 
motion of A will be equal to the motion of B, as the 
quantities of matter and velocities are equal ; and con- 
sequently, if the beam and weights are fet at reft, nei- 
ther of them can move the other, but they will remain 
in equilibrium. If one weight be greater than the other, 
that weight and fcalc will defcend and raife the other. 

Now, the-ufe of the balance, or a common pair of 
fcales, is to compare the weights of different bodies; 
for any body, whofe weight is required, put into one 
fcale, and balanced by known weights put into the other 
fcale, thcfe weights will fhew the weight of the body. 

To have a pair of fcales perfeft, they muft have thefe The Pro* 
properties : i. The points of fufpenlion of the fales, and ^^^ ^^ 
the center of motion of the beam C, E, D, muft be in a 
right line. 2. The armsCE, DE, muft be of equal 
length from the center. 3. That the center of gravity 
be in the center of the motion E. 4. That there be as 
little friftion as poflible. 5. That they be in equili* ' 
brium when empty. 

If the center of gravity of the beam be above the 
center of motion and the fcales be in equilibrium ; if 
they be put a little out of that pofition, by putting 
down one end of the beam, that end will continually 
defcend until it be ftopt al the handle H; for by that 
motion, the center of gravity is continually defcending, 
according to the nature of it; but if the center of 

No. 1. C gravity 
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gravity of the beam be below the center of motion J 
if one end of the bjeam be put down a little, to d'eftroy 
the equilibrium, it will return hack and vibrate up and 
down ; for by the motion the center of gravity is en- 
deavouring to defcend. 

To prwe To difcover a falfe balance^ make the weights in the 

^^^^UiT**^ two fcales to be in equilibrium; then change the weights 
are gcocU to the contrary fcales, and if they be not in equilibria 
' um, the balance is falfe. 

Hence alfo to prove a pair of good fcales, they muft 
be in equilibrium when empty, and likewifc in equili- 
brium with the two weights. Then, if the two weights 
be changed to the contrary fcales, the equilibrium will 
flill remain, if the icales are good. 

Fig. ,, A lever of the firft kind is rcprefented by the bar 

kiTd^ofie- -^ ^ ^' fupported by the prop D. Its principal ufe is to 
ver. loofen large ftones in the ground, or to raife great 

weights to fmall heights, in order to have ropes^put un- 
der them for raifing them higher by other machines. 
The parts A B and B C on different fides of the prop 
D, are called the arms of the lever i the end A of the 
fhorter arm A B being applied to the weight intended to 
be raifed, or to the refiflance to be overcome ; and the 
power applied to the end C of the longer arm B C. • 

tn making experiments with this machine, the fhorter 
arm A C mufl be as moch thicker than the longer arm 
B B, as will be fufficient to balance it on the prop D. 
This fuppofed, let P reprcfent a power whofe gravity 
is equal to I ounce, and W a weight, whofe gravity is 

equal 
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equal to 12 ounces. Now if the power be twelve times Fif* «• 
as far from the prop as the weight is, they will exaftly 
counterpoifc ; and a fmall addition to the power P will 
caufe it to defcend, and raife the weight W ; and tho- 
velocity witji which the power defcends will be to the 
velocity with which the weight rifes, as 12 to i ; that 
IS, direftly as their diftances from the prop, and, con- 
fequently, as the fpaces through which they move. 
Hence it is plain, that a man who, by his natural 
ftrength, without the help of any machine, could fup- 
port an hundred weight, will by the help of this lever 
be enabled to fupport twelve hundred. If the weight 
be lefs, or the power greater, the prop may be placed fo 
much farther from the weight ; and then it can be raif- 
cd to a proportionable greater height. For, univerfally, 
if the intenfity of the weight multiplied into its diftance 
from the prop, be equal to the intenfity of the power 
multiplied into its diftance from the prop, the power 
and weight will exa£Uy balance each other; and a little 
addition to the power will raife the weight. Thus, in 
the prefent inftance, the weight W is 12 ounces, and its 
diftance from the prop is 1 inch ; and 12 multiplied by 
1 is 12 ; the power P is equal to i ounce, and its dif- 
tance from the prop is 12 inches, which multiplied by 
1 is 1 2 again; and therefore there is an equilibrium be- 
tween them. So, if a power equal to 2 ounces be ap- 
plied at the diftance of 6 inches from the prop, it will 
juft balance the weight W; for 6 multiplied by 2 is 12, 
as before ; and a power equal to 3 ounces placed at 4 
inches diftant from the prop would be the fame ; for 3 
times 4 is 12 ; and fo on, in proportion. To this kind propcniet 
of lever may be reduced feveral forts of inftruments, ^i^^l^^ 
fuch as fciffars, pincers, fnufFers, &c. which are made i^^cr. 
of two levers afting contrary to one another: their 
prop or center of motion being the pin which keeps 

C 2 thwn 
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theiu^ together. In common praftice, the longer end of 
this lever greatly exceeds the vyeight of the ftiorter : 
which gains great advantage, becaufe it adds fo much 
to the power. 

Fig- T. The ftatera, or Roman fteelyard, is a lever of this 

yard. kind, and is ufed for finding the weights of different 

^ bodies by one fingle weight placed at different diftances 
from the prop or center of motion D. For, if a weight 
bangs at A, the extremity of the fhorter arm D G is 
of fuch a weight as will exaftly counterpoife the longer 
arm D X; if this arm be divided into as many equal 
parts as it will contain, each equal to O D, the fingle 
weight P (which we may fuppofe to be i pound) will 
.ferve for weighing any thing as heavy as itfelf, or as 
many times heavier as there arc divifions in the arm 
D X, or any quantity between its own weight and that 
quantity. As for example: If P be i pound, arid placed 
at the firfl divifion i in the armD X, it will balance I 
pound in the fcale at W ; if it be removed to the fecond 
divifion at 2, it will balance 2 pounds in the fcale ; if to 
the third, 3 pounds ; and fo on to the end of the arm 
P X, If each of thefc integral divifions be fubdivided 
into as many equal parts as a pound contains ounces, 
and the weight P be placed at any of thefe fubdivi- 
fions, fo as to counterpoife what is in the fcale, the 
pounds and odd ounces therein will by that means be 
afcertained. 



Fig, z. 



A lever of the fecond kind has the weight between 
the prop and the power. In this, as well as the former, 
the advantage gained is as the diftance of the power 
from the prop to the diftance of the weight from the 
prop : for the refpeftivc velocities of the power and 
Ivcights are in that proportion ; and they will balance ; 

each 
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each other whqn the intenfity of the power, multiplitd 
by its diftance from the prop, is equal to thc/mtenfity 
of the weight multiplied by its diftance from the prop* 
Thus, if A B be a lever on which the weight W of 6 
ounces hangs at the diftance of i inch from the propG, 
and a^power P, equal to the weight of i ounce, hangs at 
the end B, 6 in,ches from the prop ; by the cord C D 
going over the fixed pulley El, the power will juft fup- 
port the weight : and a fmdl addition to the power will 
raife the weight i inch for every 6 inches that the 
power defcends. This lever-fhews the reafon why two 
men carrying a burden upon a ftick between them, bear 
unequal (hares of the burden in the inverfe proportion 
of their diftanccs from it. For it is well known, that 
the nearer either of them is to the burden, the greater 
fhare he bears of it : and if he goes dire£tly under i^ 
he bears the whole. So if one man be at G, and the 
other at B, having the pole or ftick A B reftingon their 
Ihoulders ; if the burden or weight W be pl^cd five 
times as near the man at G as it is to the man at B, the 
former will bear five times as much weight as the latter. 

This is likewife applicable to the cafe of two horfes properties 
of unequal ftrength to be fo yoked, as that each horfc ^l^^J^^ 
may draw a part proportionable to his ftrength ; which of lever- 
is done by fo dividing the beam they pull, that the point 
of traftion may be as much nearer to the ftronger horfc 
than to the weaker, as the*ftrength of the former exceeds 
that of the latter. 

To this kind of lever may be reduced oars, rudders of 
Ihips, doors turning upon hinges, cutting-knives which 
are fixed at the point, &c. ' 

If in this lever wc fuppofc the power and weight to The tWrf 

. kind of lo- 

change tct. 
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change places, fo that the power may be between the 
weight and the prop, it will become a lever of the third 
kind ; in which, that there may be a balance between 
the power and the weight, the intenfity of the power, 
muft exceed the intenfity of the weight juft as much as 
the diftaacc of the weight from.the prop exceeds the dif- 
Tig. 3. taoce of the power. Thus, let E be the prop of the 
lever A B, and W a weight of i pound, placed 3 times 
as far from the prop as the power P aSs at F, by the cord 
C going over the fixed pulley D: in this cafe, the 
ppwpr lAuft be equal to 3 pounds, in order to fupport 
the weight of i pound. 

Properties To this fort of Icvcr are generally referred the bone* 
k^n^of^*"^ of a man's arm; for when he lifts a weight by the 
lever. hand, the mufcle that exerts its force to raife that 

weight, is fixed to the bone about one tenth part as far 
below the elbow as the hand is. And thci ellpow being 
the center roynd which the lower part of the arm turns, 
the mufcle. muft therefore exert a force ten times as 
great as the weight that is raifed. 

As this kind of lever is a difadvantage to the moving 
power, it is ufed as little as poilible; but in fome cafes 
it cannot be avoided; fuch as that of a ladder, which, 
being fixed at one end, is by the ftrength of a man's 
arms reared againft a walL 

And in clock-work, ^here all the wheels may be 
reckoned levers of this kind, becaufe the power that 
moves every wheel, except the firft, afls upon it near 
the center of motion by means of a fmall pinion ; and 
the refiftance it has to overcome, a6t$ againft the teeth 
round its circumference. 



Thefourtk 
▼er,- 



The fourth kind of lever difKjrs nothing from the firft 
bat in being bended for the fake of convenience. ACB 

it 
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is a lever of this fort, bended at C, which is its prop or 
center of motion. P is a power a£ting upon tl^c longer 
arm, A C at F, by the means of the cord D E going 
over the pulley G; and W is a weight or refiftancc 
afling upor^ the end B of the fiiorter arm C B. If the 
power is to the weight as C B is to C F, they arc ia 
equilibrium. Thus : Supppfe W to be 5 pounds afting 
at the diftance of one foot from the center of motion C^ 
and P to be I pound ading at F,fiye feet from the cen- 
ter C, the power and weight will juft balance each other. 
A hammer drawing a nail is a lever of this fort. 

2. The fecond mechanical power is the wheel and The wheel 

axle, in which the power is applied to the circumference 

of the wheel, and the weight is raifed by a rope which 

coils about the axle as the wheel is turned round. Here 

it is plain, that the velocity of the power muft be to the 

velocity of the weight as the circumference of the wheel 

is to the circumference of the axle: and confequently^ 

the power and weight will balance each other, when the 

intenfity of the power is to the intenfity of the weight 

as the circumference of the axle is to the circumference 

of the wheel. Let A B be a wheel, C D its axle, and pj^, 7. 

fuppofe the circumference of the wheel to be 8 times as 

great as the circumference of the axle; then, a power 

P equal to i pound, hanging by the cord I, which goes 

round the wheel, will balance a weight W of 8 pounds 

hanging by the rope K, which goes round the axle. And 

as the friftion on the pivots or gudgeons of the axle E F 

is but fmalJ, a fmall addition to the power will caufe it 

todefcend, and raife the weight; but the weight will 

rife with only an eighth part of the velocity wherewith 

the power defcends, and confequently, through no more 

than one eighth part of an equal fpace in the fame 

time. If the wheel be pulled found by the handles S, S, pj 

the ' 



/ 
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the power will be increafed in proportioa to thcif 
length. And by this means, any Weight may be faifcd 
as high as the operator pleafes, 

Xttofet. To this fort of engine belong all cranes for railing 

great weights ; and in this cafe, the wheel may have 
cogs all round it inftead of handles, and a fmall Ian- 
thorn or trundle may be made to work in the cogs, and 
be turned by a wipch; which will make the power of 
the engine to exceed the power of the man who works 
it, as much as the number of revolutions of the winch 
exceeds thofe of the axle C D, when multiplied by the 
cxccfs of the length of the winch above the length of 
the femidiameter of the axle, added to the fcmidiameter 
or half thicknefs of the rope K, by which the weight 
is drawn up. Thus: Suppofe the diameter of the rope 
and axle taken together, to be 13 inches, and confe- 
quently, half their diameter to be 6 | inches ; fo that 
the weight W will hang at 6 | inches perpendicular 
How pow- diftance from below the center of the axle. Now, let 
er may be ^g fyppofe the wheel A B, which is fixed on the axle, 
to have 80 cogs, and to be turned by means of a winch 
6 I inches long, fixed on the axle of a trundle of eight 
flakes or rounds, working in the cogs of the wheel ; 
here it is plain/ that the winch and trundle would make 
10 revolutions for one of the wheel A B, and its axis 
D, on which the rope K winds in raifing the weight 
W; and the winch being no longer than the fum of 
the femidiameters of the great axle and rope,, the trun- 
dle could have no more power on the wheel than a 
man could' have by pulling it round by the edge, 
becaufe the winch would have no greater velocity 
than the edge of the wheel has, which we here fuppofc 
to be ten times as great as the velocity of the rifing 
weight; fo.that, in this cafe, the power gained would be 

as 
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IS 10 to I . But if ihc lengtli of the winch be 13 inches, 
the power gained will be as 20 tp i : if 1 9 1 inches (which 
is long enough for any man to work by) the power gain- 
ed will be as 30 to i ; that is^ a man could raife 30 times 
as much by fuch an engine a$ he could do by his natural 
ftrength without it, becaufe the velocity of the handle 
of the winch would be 30 -times as great as the velocity 
of the riiing weight; the abfblute force of any engine 
being in proportion of the velocity of the power, to the 
velocity of the weight raifed by it. But then, juft as 
much power or advantage as is gajined by the engine, lb Fo"^ <>( 
much time is loft in working it; which is common in 
all mechanical cafes whatever. 



any engiDc* 



In this fort of machines it is requifite to have a 
ratchet-wheel on the end of the axle C, with a catch to 
fall into its teeth ; which will at any time fupport the 
weight, and keep it from defcending, if the perfon who 
turns the handle fhould, through inadvertency or care- 
leflhefs, quit his hold while the weight is raifing. Thus, ^*»'*<»»* 
by this means, the danger is prevented which might 
otherwife happen by the running down of the weight 
when left at liberty. 

The third mechanical power or engine confifts either 
of one moveable pulley, or a fyftem of puUies; fomein The pulleys 
a block orcafe which is fixed, and others in a block which ^'*K' 8» 
is moveable, and rifes with the weight. For though a 
fihgle pulley that only turns on its axis, ^hd moves not 
out of its place, may ferye to change thedireftion of the 
power, yet it can give no mechanical advantage there- 
to ; but is only as the beSm of a balance, whofe atms 
arc of equal IcngtK and weight. Thus, A is a finglc pul- 
' No. II. D ley. 
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Icy, and if it fupport the equal weights P and W, the 
cord BB to which they are appended, is equally ftretchcd 
throughout, and the pulley A fuftains both the weights, 
or is drawn with a force equal to twice P. k is proper- 
ly but another form of the balance. 

A combination of three moveable pullies A, B, C, 
connefted by three diftin£t cords, each fattened at one 
end to an immoveable block above. The power of the 
whole is difcovered by fuppofing two fuch weights, P 
and W, fufpended as will keep the machine in equilibri- 
um, and then beginning with the leaft weight or power 
P, and confidering what force each feparate pulley fuf- 
tains. Thus, if P be one pound, the cord which fuftains 
it a£is at its other end upon the fixed block above, and 
is confequently re-afted upon by a force equal to one 
pound ; arid the pulley A? as in Fig, 8, is drawn witli a 
force equal to two pounds. 

By. tracing the fecond cord in the fame manner, it will 
appear that the pulley B is drawn with twice the force 
of A, or four pounds*; and C is drawn with twice the 
force of B', or 8 pounds. So that the purchafe of this 
machine is fuch, that the weight W has 8 times the 
power of P. 



Velocity 
and power 
a» 8 CO X. 



Fig. ici 



The velocity of the weight to that of the power is (in 
a (imilar way of arguing) thus: if P defcend 8 inches, A 
will afcend 4; B, 2; and C, or W, i inch ; fo that the 
velocities are reciprocally as the power and weight. 

Another combination of p^illies, whereof two, A and 
B, rup in the fixed block X ; and two others, C and D» 
in a moveable block, which raifc the weight W, by pul- 
ling 
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ling the cord at P, which goes fucccffivcly over the ^ourmnrf 
pullies A, D, B, C, and is fattened to the fixed blocks. ^ *"' 
The purcbafe of this machine is known by coniidering 
that the cord is equally ftretched throughout, by putting 
two fuch weights, P and W, as wilt counterpoife each 
other : for P is fuftained by the fingle cord, and W by 
four folds of the fame, viz* by the parts o, s, u, k ; fo that 
if P be one pound, W will be four pounds. 

The velocity of the power is to that of the weight as Velocity as 
four to one : for if P defcend four inches, the parts 
of the cord at k will afcend towards e four inches^ and 
all the other parts of the cord, from the pulley C, will 
equally follow each other, and C or W will afcend one 
inch towards s ; or the four parts of the cord q, s, u, k, 
win each be ihortened one inch« 

In like manner may the purchafe of any other com* 
bination of pullies be determined : and it will always 
happen, that the momenta of the weight and power will 
be equal, as in the other mechanical powers. That is, 
if any power will raife one pound with a certain velo- 
city, it will raife two pounds with half that velocity, or 
one hundred pounds with one hundredth pare of that 
velocity, &c. 

But at a fyftem of pullies has no great weight, and' 
lies in a fmall compafs, it is eaiily carried about; and 
can be applied, ina great many cafes, for i*aifing weights, 
where other engines cannot ; but they have a great deal 
of fridion,on three accounts-*~i. Becaufe the diameters 
of their axis bear a very coniiderable proportion to their 
own diameters. 2. Becaufe in working, they are apt to 
^ub againft one another, or againft the fides of the blocks. 
' D% 3 Bo- 
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3. Bccaufe of the ftiffnefs of the rppes that pafs over 
and under them. 

The inclin- The fourth mechanical power is the inclined plane ;. 

«i plane* ^ujj the advantage gained by it is as great as its length 
exceeds its perpendicular height. Let A B be a plane 
parallel to the horizon^ and C D a plane inclined to it ; 
and fuppofe the whole length C D to be three times as 
great as the perpendicular height G f F. la this cafe the 

Fig. n. cylinder E will be fupported upon the plane C D, and 
kept from rolling down upon it, by a power equal to a. 
third part of the weight of the cylinder. Therefore, a 
weight may be rolled upthislnclined plane with a third 
part of the power which would be fufiicient to draw it 
up by the fide of an upright wall. If the plane was four 
times as long as it is high, a fourth part of the power 
would be fufficient; and fo on in proportion. Suppofc a 
man has occafion.to fet a weight upon an eminence, and 
the weight is fo great that he cannot lift it by his natu- 
ral ftrength, he will take a long ftput plank, or fomething 
equivalent thereto, and fetting it floping, will pufli the 
weight before him up the plank, to the place defigned to 
fet it in ; .and fuch plank, or other contrivance like it^ is 
an inclined plane. Now it is evident, that the fhortcr 
this inclined plane is, the fteeper is the afcent; and the 
longer the plane is, the afcent muft be the eafier. Iti s 
plain alfo, that itis much eafier to, pu/b a rolling weirfit 
up a hill that riles gently, than up. a J^iU which is very 
il^ep; which is univerfally-^LXic^iu 

The force wherewith a roUi^ig-body defcends upon an 

inclined plane, is to the force of.itsabiolute grav.ity,l)y 

which itJurould delccnd perj^ndicularly in a free fp^pe. 

Fie. 12. ** the height of the jplane is to its length.' For, fuppofe 

the plane A B to be parallel to tJ^e horizon, the cylinder 

will 
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will keep at reft on ,aoy part of a plane where it is laid* Fig. »3« 
If the plane be fo elevated, th2Hits.pcrpcndici4ar height 
fronvD isequal to half its lopgt}^ A,B>tlie cylii)4Qr ,C »nll 
roll down nppp the pl^ine, wjth. a /brce.equ5il.U>,haU it$: 
weight; for it would require a power (afting in the direc- 
tion of A B) equal to half its w^eight to kecp.it from rpl- 
ling. If the plane D 3 be elevated, fo a$ to.\)e perpen-, pig. 14* 
dicular to the horizon, th^ cylinder C woulfl defcend. 
with its wholcifprce, of gravity, b^c^ufe the planccon-^- 
tributes nothing to its fupporc or hindrance; and there- 
fore it would require a poMrer equal to its whole, weight 
to keep it from defcending. To the inclined plane may 
he reduced all hatchets, chifels, and other edge toolsy 
which are chanifered only oa one fide. 

The fifth mechanical power or machine is the wedge ; ^ ^ 
whichmay be confidered a& two equally inclined planes. Fig. tsi 
DE F and C E F, joined together at their b^fes e E F O : 
•»- then D C is the whole thicknefs of the wedge at its 
back A B C D, where the power is applied ; E F is the 
depth or heighth of the wjcdge ; D F, the length of one 
of its iides, equal to C F»the length of the other <]de; and 
O F is it&fbarp .edge, ^vhich.is entered into.thfc wood 
intended to.be fpltt, by the force of a hammer or mallet 
ftriking perpiendicularly on.ita back. . Thus, A B is a. j.- ^^^ 
wedge driven into the cleft C E D of the wood F G« 

• When the wood does not cleave at any diftancc before 
the wedge, there will be an equilibrium between the 
power impelling the wedge downward and the refifts^ncc 
of tlie wood'afting agaihft the two fides of the wedge; 
when the power is to the r^fiftance as half the thicknefs' 
of the wedge at its back is' to the length of tithcf of its 
fides; bccawfe the refiftahce then nfts peipendicular to 

■ ' ■ ' ' ' ■ • "' •• • ' ^ :* the '. \ 
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the fides of the wr dgc. But, when the rcfiftancc on each 
fide afts parallel to the back, the power that balances the 
sefiftances on both fides will be as the length of the whole 
back of the wedge is to doable its perpendicular height. 

When the wood cleaves at atiy diftance before the 
wedge (as it generally does) the power impelling the 
wredge will not be to the refiftance of the wood as the 
length on the back of the wedge is to the length of both 
its fides; but as half the length of the back is to the 
length of either fide of the cleft, eftimatod from the top 
or afling part of the wedge. For, if we fuppofe the 
wedge to be lengthened down from the top C D, to the 
bottom of the cleft at E, the fame proportion will hold; 
namely, that the power will be to the refiftance as half 
the length of the back of the wedge is to the length of 
either of its fides : or, which amounts to the fame thing, 
as the whole length of the back is to the length of both 
the fides« 

The wedge is a very great mechanical power, fince 
not only wood but even rocks can be fplitby it : which 
would he impoffible to effcft by the lever, wheel and 
axle, or pulley : for the force of the blow, or ftroke, 
Ihakei the cohering parts, and thereby makes them fe- 
parate more eifily. 

The fixtl^ and laft mechanical power is the (crew ; 
which cannot properly be called a fimple machine, be* 
caufe it is n^ver ufed without the application of a lever 
or winch to alfift in turning it ; and then it become? a 
compound engine of a very great force, either in prefling 
the parts of bodies clofer together, or in raifing great 
weighu. It may be conceived to be made by cuttmg a 
piece of paper, A BC, into thefbim of an inclinedplane 

or 
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or half wedge, and then wrapping it round a cylinder Fig. if. 
(Fig. 18.) it being evident that the winch mnft turn 
the cylinder once round, before the weight of refift* 
ance can be moved from one fpiral winding to another, 
as from d to c : therefore, ^ much as the circumference 
of a circle defcribed by the handle of the winch is great* 
er than the interval or diftance between the fpirals, fo 
much is the force of the fcrew. Thus, fuppofing the 
diftance of the fpirals to be half an inch, and th^ length 
of the wioch twelve inches, the circle defcribed by the 
handle of the winch where the power aAsy will bo76 inches 
nearly, or about 152 half inches; ahd confequently 152 
times as great as the diftance between the ijpirals ; and 
therefore a power at the handle, whofeinten£ty is equal 
to no more than a (ingle pound, will balance 152 pounds 
adling againft thefcrew; and as much additional force 
as is fufitcient to overcome the fridion, will raifc the 
152 pounds ; and the velocity of the power will be to 
the velocity of the weight as 152 to i. Hence it ap- 
pears, that the longer the winch is, and the nearer the 
fpirals are to one another, fo much the greater is the 
force of the fcrcw. 



A machine for (hewing the force or power of the fcrew 
may be contrived in the following manner :>— Let the 
wheel C have a fcrew a b on its axis, working in the 
teeth of the wheel D, which fuppofe to be 48 in num- 
ber. It is plain, that for every time the wheel C and 
fcrew a b are turned round by the winch A, the wheel D 
will be moved one tooth by the fcrew ; and therefore, 
in 48 revolutions of the winch, the wheel D will be turn- 
ed once round. Then, if the circumference of a circle, 
defcribed by the handle of the winch A, be equal to 
the circumference of a groove e round the wheel D, 
Xhc velocity of \ijkC handle will be 48 times as great 

/, ' as 
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as the velocity of any jgiven point in the groove. 
Confequently, if a line G goes round the grove e, and 
has a weight of 48 pounds hung to it below the pedef- 
Expcnmcnt .^^j £ p^^ power equal to I pbund at the handle will 
balance and fupport the weight. To prove this by ex- 
periment, let the circumferences of the grooves of the 
wheels C and D be equal to one another; and then if 
a weight H, of pne pound, be fufpended by a line going 
round the groove of the wheel C, it will balance a weight 
of 4? pounds harigihg by the HneG; and a fmall addi- 
tion to the weight H wiU caufe it to defcend, and fo 
raife up the other weight. 

If a line G,ihftead of going round the groove c of the 
wheel D, goes round its axle I, thepower of the machine 
will be as much increafed as the circumference of the 
groove e exceeds the circumjFerencc of the axle : which 
fuppbfing itjto be fix times, then 1 pound at H will ba- 
lance 6 times 48, or 288 pounds, hung to the line on the 
axle ; and hence the povver or advantage of this machine 
will be as 288 to !• That is to fay, a man, who by his 
natural ftrength could lift an hundred weight^ will be 
able to raife ^88 by this engine. If a fyftem of pullies 
were applied to the cord H; the power would beincreaf- 
ed to ah amazing excefe; but it would be here as in all 
other mechanicalcafes; for the time loft is always as 
much as the power gained, becaufe the velocity with 
which the povver moves, will ever exceed the velocity 
with which the weight rifes, as much as the intenfity of 
the weight exceeds the intenfity of the power, 

Ftiaion. , The friaion of the fcrew is very confiderablc ; and 
there are few compound engines but what, on account of 
the friftion of the parts againft bnt another, will require 
a third part more of the power to work them when loaded^ 

tlian 
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than what is fufficient to conftitatc a balance between 
the weight and thepovirer. 

In the lever, the fridion is nothing. In the wheel and 
^axle^ it is as fmall as the diameter of the gudgeons (add- 
ed to the power required to bend therope) is lefs than the 
diameter of the wheel ; but it increafes accord! ng to the- 
weight with which the axle is charged. l^Jbe like might 
be faid of the pullies, if they did not rub againft one 
another, or againft the fides of the mortxies inthe block 
where they are placed. A new rope of i inch diameter 
going over a pulley 3 inches diameter, and pulled with a 
force equal to 5 poundsy requires a force of t pound or 
upwards to b^nd it; and a rope 2 inches diameter re- 
quires 4 times as much force. 

. Wood greafed^^ metal oiled, have nearly the famr 
friftion; and the fmQother they are, their friftion is th& 
lefs. Yet metals nuqr be fo highly poliflied, as to have 
their fridion increafed by die cohefion of their parts* 

Wood Aides eafier upon the ground in wet weather 
^han in dry ; and eafier ^an an equal weij^t of iron in 
dUy. weather: but iron Aides eafier thaa wood in wet 
wes^ber. Iron or fteel running in bnUs, has the leaft 
Inftion of any. Lead makes a great de^l of re^ftance. 
In woods ading upon wood, greafe mak^s^the motion at 
leaft twice as eafy. Wheel-naves, greaied or tarred^ 
gq four times as ^afy as when wet. Snaootb foft wood^ 
inovxng.upon fmooth foft wood, has a fridion equal ta 
about a third part of the weight. In rough wpod, the 
friAion is almoft equal, to hajf the w^Jght. in foft 

K<^.IL E woo4 
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wood upon hard^ or hard upon foft^ thefridion is equal 
to about a fifth part of the weight. 

In polilhed ftcel, moving upon poliflicd fteci or pew* 
tcr, the friftion is about a fourth part of the weight; oh* 
copper, a fifth part; and on brafs, a fixth part of the 
weight. Metals of the fame fort have more friftion than^ 
different forts. • 

In generalj the friftion incrcafes in the fame propor- 
tion with the weight* The friftion is alfo greater with' 
a greater velocity; but not fo great in. proportion as the 
increafe of velocity. 

To have the friftion of machines as little as poflible^^ 
they ought to be made of the feweft and fimpleft parts,. 
The diameters of the wheels and puUies ought tobc 
large, and the gudgeons of the axles asfmall as can be con-** 
fiftehtwith the required ftrength. The fides of the puHiesf 
ought ttQtto be all over flat, but to have a fmall rifing irt 
the middle,to keep them from rubbing againft each othcr^s 
iideis^ and againft tht fides of their mortifes at adiftance 
frbnvthcir axle. All the cords and ropes ought to be asf 
pliant asp6ffiblc ; and, for that end, rubbed withgreaft.' 
The tekh of die wheels fiiould juft fit and fill the opch* 
ings, fo as hot to be fqueezed nor fhaken therein. Atf 
the piarts wHicli Work into, or "upon one an6ther, ought 
to be fmooth;- the gudgeons ought juftto fit their holes; 
and the wbrfcihg parts muft be greafed. The rounds or 
ftaves of the trundles may be made to turn about upon 
iron fpindlefc, fixed in the round end-boards ; which will 
lake ^agre^t'deal of friftion. ' • 

* Let 



: USEFUL KNOWLEDGE* 1^7 

/ Let the ftrengtfe of all parts be in proportion to the 
ftrefs they are to bear, fo as they may laft equally well. 
He is by no means a perfedl mechanic who only adjufts 
the ftrcngth to the ftrefs, if he does not contrive all the 
parts to laftTo, as that one fhall not fail before another. 

When any motion is to be long continued, contrive 
the machine fo, as that the working power may always 
move to a& one way, if it can be done : for this is bet- 
ter and eafier performed than when the motion is inter- 
rupted by the power's being forced to movefirft one way 
and then another; becaufe every new change of motion 
requires a new additional force to efFeft it; and a bo- 
dy in motion cannot fuddenly receive a contrary mo- 
tion without great violence, and danger of tearing the 
machine to pieces* But when the nature of the thing re- 
quires that a motion fhould fuddenly be communicated 
to a body, or fuddenly ftopt, let tlie force aft againft 
fome fpring, to prevent the machine's being damaged by 
a fudden jolt. 

When a machine is movedby two handles, or winch- 
es on the ends of an axle, the handles are fo placed as 
that when the one is up, the other is down ; which isthe 
worft way poffiblc of placing them, fave that of their 
being both up or down together. For, when a man 
raifes a weight by meani of turning a winch, he lofcs 
half his force when the winch is upward; becaufe he 
pu(hes himfelf as much backward as he pufhes the winch 
forward; and when the handle of the winch is do\vn,di- 
xeftly below the axle, he lofes half his force ; becaufe 
the winch pulls him as much toward it as he pulls it to- 
ward him : and, therefore, the greateft effect of his force 
on the machine is when he either pulls the winch up- 
y^anj; osvthe iidc of the axle next to him, or pufhes it 
E 7, downward, 
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^ownwu'cl^ on the fide fartbeft from him* Yet, eren 
in thefe cafes, the pulling force is ftrongcr than the 
pufhing. 

In order to remedy this dcfeft as much as poffible, th^ 
handles fhould be fo placed as to ftand at right angles to 
one another; and then, where there is a man at each 
handle, the effeft of the one man's force will be greateft 
when the tfk& of the other man's is leaft upon the ma« 
chine. Whereas, in the common way of placing thefo 
handles, when the eiFeft of one man's force is the great* 
cft,theodier man's is fo too; and when the effeft of^that 
man's force is the leaft, fo alfo is the other's; which is 
working at the greateft difadvantage pofiible. 
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Jm tie ConftnUliw of fVaUr AfiUh it will he mceffarj u •(• 
firve the following Ruks^ 

MEASURE the perpendicular height of die fall of 
water, in feet, above that part of the wheel on 
which the water begins to aftj and call that the height 
«f the fall* 

II« Multiply this conftant number 64,288a by the 
height of the fall in feet, and the fquare root of the pro* 
duft Ihall be the velocity of the water at the boUom of 
the fall, or the number of feet that the water there 
moves per fccond« 

III. Divide the velocity of the water by three, and 
the quotient (hall be the velocity of the float-boards of 
the wheel, or die number of feet they muft each go 
Aro* in a fecond, when the water ads upon them fo at 
to have Aegreateft power to torn the rnilU 

IV. Divide the circumference of the wheel in feet by 
the velocity of its fk>ats in feet per fecond, and the quo- 
tient (haU be the number offeconds in which the wheel 
turns round. 

V.By 



^ ^^ INTKODUCTION TO 

V. By this laft number of fcconds divide 60, and the 
quotient fliall be the number of turns of the wheel in a 
minute. 

VI. Divide 120 (the number of revolutions a mill- 
ftone 4I fcfet diameter ought to have in a minute) by the 
number of turns of the wheel in a minute, and the quo- 
tient fhall be the number of turns the millftonc ought to 
have for one turn of the wheel. 

VIL Then, as the nuinbcr of turns of the wheol in a 
miiiutef 16 to the number of turns of the millftone in a 
minute, fo muft the number of fiaves in the trundle 
be to the number of cogs in the wheel, in the nearei^ 
whole numbers that can be found. 

By thefe rules the folloT«:ing table is calculated to a 
water wheel 18 feet diameter; which, I apprehend, may- 
be a gpod fize in general. 

To afcertain the force or power of any moderate ft ream 
of water, let the fame be obftruftcd by a dam acrofa the 
flream, fo ^s to force all the water through a trough or 
open fpout into a large veffel or referyoir, by mea- 
furing fp much water as ihall be receiyed as above, ^ in 
any given time, viz. afecond, minute, &c« ; and multi« 
plying the fame by the number of feconds or minutes in 
an hour, : the whple force or impulfe of fuch ftreanrof 
water per hour at any .gijven height, may be readily ap- 
pertained in rivejrs too .large to.be jpeaftfred as above, 
the force or impulfe may be calculated from. the Ipacc 
that a ftraw floating upon the furface of the water, in 
any given time, and at a medium depth and width of the 
river, will defcribe. 

The 
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To conftruft a mill by this tabic, find the height of 
the fall of water in the firft column, and againft that 
height in the fixth column, you have the number oi cogs 
in the wheel, and ftaves in the trundle, for caufing the 
mill-ftone4fcet 6 inches diamciw,ta make about 120 re- 
volutions in a minute, as near as poffible, when the wheel 
I goes with one third part pf the velocity of the water, . 
Andit'appearshy the yth column, that the number df 
cogs in the wheelj ^M ftaves m fhe trundle^ are fo near 
the truth for the rQquir(td4?ttrpQ£c>.thaUke kaft numbor 
of revolutions of the millftotDp iiiadninute is 118, and 
the grcatefl: numtjer neyer exceecis T± 1 j:.whiclf is'accord- 
ingtojthcifpced offeihe ©f Ibejbeft miljs I have yet 
i fcejtt, ■• i ■■• { ^ , „. . __ _ ._. 

i . i- ... -.:;.:■-' 1 ■ - ; . 

! ^ ^ ^ A lefs ijuaiitity of water will turn an overfliot Aan! 

[ \ .: ' whit, williivh ?w urider fliftt cfr bjreiaft whcfcl ; as ^n over- 
I ; Ihot is afhiateid'by the ft^ticai weight,- ot gravity, and 

* the UttdcrAibt or breaft by inq)ulfe only ; fo th^t* wh^re 
I there is bUta fmall qualnti^y 6f water, aixl a fall great 

endugh fdr the whe^l tpliie uiiddr it, the overfh^ wheel 
is always ufed, But'whire t|iereis a large tod jr of wa- 
ter, and little fall, the underi^ot wheel muft takp places 
Where the Water rtihs oply tjpon a little di^Uvity, if 
can a^- but iflowly upon the under part of the: wheel j 
in which csfe, the motion of the wheel will be very 
'^ flow : . and therefore, xkk float-boards oiight to! be vfcry 
long, though not high, that a large body of water may 
^ aft upon them J fo that what is wanting in velocity^ 
may be made up in power ; and then ^e cog-wheel 
may have a greater number of cogs, in proportion tQ 
the rounds in the trundle, in order to give the millftone 
a fufficient degree of vclocityt 

The 
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The Method for fetting out a Spur Wheel and JValhiwer. 

DRAW the pitch lines A i, B i, A 2, a B j then Watc 11. 
divide them into the numbelr of teeth or cogs re- ^* ** 
quired^ as a b c. 

Divide one of thofe diftances, as b c, into feven equal 
parts, as i, 2, 3* 4f 5f 6, 7 ; three parts allow for thCv 
thicknefs of the cogs, as i, 2, 3 in the cog a, and four 
for the thicknefs of the ft a ve of the wallower (onerea« 
fon for allowing^three parts for the cog> and four for the 
ilave is, the wallower is in general of lefs diameter than 
the wheel, therefore fubje£): to more wear in proportion 
of the number of cogs to the number of ftaves; but if 
there is the fame number of ftaves as of cogs, they may 
be of equal thicknefs) as i, 2, 3, 4 in the ftave m, Fig. 
2 ; the height of the cog is equal to four parts ; then 
divide its height into five equal parts, as i, 2, 3, 4^ 5 * 
in the cog C ; allow three for the bottom to the pitch 
line of the cog ; the other two parts foV epicycloid, fo 
as to fit and bear on the ihive equally* The millwrights 
in general put the point of a pair of compafles in the 
dot 3 of the cog a, and ftrike the line d, e ; then remove 
the point of the compafles to the point d, and ftrike the 
curve line 3 f, which they account near enough the 
figure of the epicycloid. 

The method for a face wheel is thus : Divide die pitch Fig. 2. 
lihe A B into the number of c(^ intended, as a b c; ^ 

divide the difbnce b c, into feven equal parts; threp of 
thofe parts allow for the thicknefs of the cogs, as i, 2, 3 
In the cog a, four for the height, and four for the width, 
a^ d c, and four for the thicknefs of the ftave m ; draw a 
No. III. ' F line 
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line through the center of the cog, as the line A I, at 
S; and on the point 5, defcribe the line d c; remove 
the compafTes to the point A, and draw the line f g, 
which forms the fhape of the cog ; then fhape the cog on 
the fides to a cycloid, as d e f g, Fig. 1. But this me- 
thod of fetting out the fhape of a cog is variable, accord- 
ing to the cycloid in different diameters of wheels, 

i^pur Nuts, In common fbur nuts, divide the pitch line A, into 
Fig. 3. . , ' ^ t^ . 

twice as many equal parts as you mtend teeth, as a, b, 

c, d, e ; with a pair of compaffes opened to half the dif- 
tance of any of thofe divifions, from the points a i, c 3 
c 5, draw the femiclFcles a, c, and e, which will form 
the ends bf the teeth. From the points 2, 4, and 6, draw 
the femicircles g h i, which will form the holbw curves 
for the fpaces ; but if the ends of the teeth were epicy- 
cloids, inftead of femicircles, they would aft much better* 



TAe Principal of Bevel Gcer 

Bevel Gecr. •CONSISTS in two cones rolling on the furface of 
V->4 each other, as the cone A and B revolving on their 
centers a b, a c; if their bafcs are equal, they will per- 
form their revolutions in one and the fame time, or any 
othar two points equally diftant from the center a, as d i, 
da, d3,&c. will revolve in the fame time asf i, f 2, f 3, 

Fig. 5. and f^^^ \^ ^jjc like manner, if the cones a d e be twice 
the diameters at the bafe d e, as the cones a f e are, 
then if they turn about their centers when the cone a f 
d has made one revolution, the cone a d e will have 
made but half a revolution ; or when a f e has made two 
revolutions, a d e will have made but one, and every 
part equally diftant from the center a, as f i, f 2, f 3^ 
•- &c. 
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&c. will have made two revolutions to e i, e 2, e 3, 
&c. and if the cones were fluted, or had teeth cut in 
them, diverging from the center a to the bafes d c, e f, g*^' ^ "*^ 
they would thcA become bevel geer. The teeth at the 
point of the cone being fmall and of little ufe, may be 
cut ofFat fi and F, Fig. 8, asfeen by Fig. 9, where the F»& 8 & 9. 
upright fhaft, a b, with the bevel wheel, c d, turns the 
bevel wheel c f with its ihaft b g, and the teeth work 
freely into each other, as a b. Fig. 10. The teeth may Fig. 10, 
be made of any dimenfion, according to the ftrength re« 
quired; and this method will enable them to o\ercome 
a much- greater rcfiftance, and work fmootherthan a face 
whfeel aiid wallo\yer of the common form can poflibly 
do ; beiides, it is of great ufe to convey a motion in any 
diredion, or to any part of a building, with the lead 
trouble and fri£tion. 

The method of conveying motion in any direfiion, 
and proportioning or {harping the wheels thereto, is as 
follows : Let the line a b reprefent a fhaft coming from 
a wheel; draw the line c d to interfeA the line a b, in Fig. xx« « 
the direftion that the motion to be conveyed is intended, 
which will now reprefent a fhaft to the intended itaotion. 

Again, fuppofe the fhaft c d is to revolve three times, 
whilfl the fhaft a b revolves once, draw the parallel line 
i i, at any diflance not too great (fuppofe i foot by a 
fcale) then draw the parallel line k k at 3 feet diflance, 
after which, draw the dotted line w x, through the 
interfe£lion of the fhafts a b and c d, and likewife 
through the iftterfeftion of the parallel lines ii and k k, 
in the points xand y ; which will be the pitch line of 
the two bevel wheels, or the line where the teeth of the a 

two 

F2 
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Fig. u. two wheels aft on each other, as may be fcen Fig. 12, 
where the motion may be conveyed in any direftion. 

Fig. 13. The univerfal joint, as reprefented Fig« 13, may be 

applied to communicate motion inftead of bevel geer, 
where the fpeed is to be continued the fame, and where 
the angle does not exceed 30 or 40 degrees, and the 
equality of motion is not regarded; for as it recedes 
from a right line, its motion becomes more irregular* 
This joint may be conftrufted by a crofs, as reprefented 
in the figure ; or with four pins fallened at right angles 
upon the circumference of a hoop, or folid ball. It is 
of great ufe in cotton mills, where the tumbling (hafts 
are continued to a great diftance from the- moving 
power. But by applying this joint, the (hafts may be 
cut into convenient lengths, by which it will be enabled 
to overcome greater rcliftance. '. 



To defcribe the Cycloid and Epicycloid : of Ufe In Shaping 
the Teeth of Wheels^ &c. 

IF a point or pencil a, on the circumference of the 
circle B, proceeds along the plane a C, in a right 
line, and at the fame time revolves round its center, it 
will defcribe a cycloid. 

Fig. 15. And, if the generating circle D, moves along the cir- 

cumference of another circle E, and at the fame time 
turns round its center, the point o will defcribe an epi-» 
cycloid. . 



A Brief 



USEFUL KNOWLEDGE. j7 



Brief Hiftory of Ele6lricity. 



THOUGH it is certain, ever fincc the creation of 
the world, the eledric fluid had all the operations 
it has at prefent, yet the difcovery of its a£tion, and 
even of its cxiftence, is (comparatively fpeaking) of a 
very late date. Thales the Afilefian^ who lived 6oo 
years before Chrift, was the firft who obfcrved the J^'^^'j^ 
electrical properties of amber* Of thefe, indeed, he iaa«i«iied. 
knew no mdre than that this fubftance would attraft 
light bodies when it was rubbed. For 300 years after 
his time, we hear nothing further concetliing this Tub- 
jeft. Thcophraftus then tells us, that the Ljncurlam 
(now called the Tourmalin) has the property of attraft- 
jng light bodies, as well as amber. From this time 
there is a chafm in the hiftory of eleftricity for 1900 
years It was in the beginning of the 17th century ^^^^ 
that the fubjeft of ele£hicity became a diftinft fcience ; bert. ' 
and the foundation was laid of thofe difcoveiies (which 
have fince taken place) by Dr. William Gilbert^ an 
Englifh phyfician, who m^y juftly be called the Father 
of £le£lricians. In the year 1600 he wrote a book, De ^ 

Magnettey which contains a variety of elefirical ex- 
periments. All thefe, however, coniidered only the 
attrafiive property of certain fubftances, which, from 
their agreement in this refpeft with amber, were called 
elearic. Dr. Gilbert's merit confifts in his having 
been at great pains to find oyt a number of fuch fub- 
ftances. 
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fiances, and thus cxjnfiderably enlarge the number of 
electrics. 

Mr. Boyle's Till thc year 1670, it does not appear that any far- 
mcnts. ther difcoveries were made, except fome trifling addi- 
tions to the catalogue of eleftrics. About this time 
Mr. Boyle ap'pried himfelf to the ftudy of eleflricity : 
he enlarged the catalogue of eleftrics, and found that 
their eleftric properties were increafed by warming 
and wiping them before they were rubbed. 

DifQoverics Otto Gucricke, howcver, who was cotemporary with 
Gucrkke. ^'^^' ^^yle, improved the fcicnce much farther. He 
made ufe of a fulphur globe, whirled on an axis, much 
like our prefentglafs globes; by which means he ex- 
cited a greater power of eleSricity than any of his pre- 
deceffors, and tried all theii; experiments to much more 
advantage. He difcovered the eleftric repulfion; and 
not only faw the eleflric light, more clearly than Mr- 
Boyle, but iaeard the biffing found with which it is 
emitted. He alfo made another jemarkable difcovery, 
bi^t which has fince been very generally overlooked ; 
viz. that a feathoi:, w^hen repelled by. an excited eleftric, 
always l^eeps the..faQ?e face towards the body which 
repels it, as the 9100Q does to tlie earthy 

Difcovery The next difcovery of any moment was made by Sir 
bySirifaac j^^^ Ncwton : who obfervcd, that the eleftric attrac 

Newton. ' . ^ 

tion and repulfion penetrated through glafs. In the 
Mr.Hawkf- year 1709 a treatife was written on elefiricity by Mr. 
!-.». Hawkfbee; who not only far excelled all his prede-.^ 

ccffors and coteiuporaries, but alfo made fome difco- 
veries which well defervc the attention of the niofl ex- 
pert clearicians at.this day. He was the firfl that ap- 
plied 
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tolled a glafs globe to the machine ; and he remarked 
various appearances of the eleflric light and the noiib 
that accompanied it, together with a variety of phe- 
nomena relating to ele£lric attraSion and repullion. 

After his death, not only the ufe of glafs globes, but 
-teven the ftudy of eleftricity itfelf, feems to have been 
pretty generally laid afide for fome time. The reafoa 
of this was, that the recent difcoveries of Sir Ifaac 
Newton engroiTed the attention of philofophers to fuch 
a degree, that they had no leifure for any other pur- 
fuits. However, after the death of that great man^ 
eleftricity began to revive, and in 1729 a capital dif- 
covcry was made by Mr. Stephen Grey> who (by his Mr.Grey'i' 
curious obfervations) found out the diiFerence between* 
ele£lrics and conductors; who, with the alHftance of 
Mr, Wheeler, contributed much to the advancement 
of clearicity. Soon after, Mr. Du Fay accidentally Mr. Da 
difcovered the difference between pofitive and nega- f*7ery, 
tive eleftricity, by obfcrving that a piece of leaf gold 
repelled by an excited glafs tube, was again eagerly at- 
tracted to it, after it had touched fome body which was 
not an ele£tric : the fame was alfo the cafe with rofin, . 
fealing-wax, fulphur, and a number of other fubftances* 

It may be obferved, that although the fcience had^ 
through the ipdefatigable attention of fo many inge- 
nious perfons, and by the difcoveries that were daily 
produced, eyccited the curiofityfof philofophers, and 
engaged their attention ; yet, as the caufes of every 
thing, whether fmall or great, are feldom much at- 
tended to if their efFefls are not particularly ftriking 
and fmgular, fo eleftricity had till the year 1746 been 
ftudied by none but philofophers, until that capital 

difcovery 
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difcovcry of the vaft accumulation df its powcr^ ift 

what is called the Leydcti Phial, was accidcntly made 

eii«bJ«k»$ t>y Mr. Mufchcnbrock in the year 1746 ♦ at which time 

uldT°****" the ftudy of cleftricity became general, and gave more 

verj. furprize, even to philofophers, than any other fcience 

whatfoever. From the time of this difcovery, eleftri- 

city became the general fubjeft of converfation^ and 

Meaical 6^*^ numbers of people got their livelihood by going 

«]eftricitj tbout and fhewinfic its curious phaenomena^ It was alfo 

Bin tpplicd* • , 

applied medically, and feveral perfons found great be- 
nefit by it, particularly a paralytic perfon cured at 
Geneva ; another of a violent pain in his head ; alfo a 
woman of a diforder in her eyes at Bologna; fo that 
from this time we may date the intfoduflion of elec* 
tricity into the medical art. It is impoffible to enu- 
merate sill the happy eflFefts which have been pcr^ 
formed in curing various diforders incident to the hu- 
man body by electrical applications! 

The fcience of eleftricity has fince the above period 
bee© greatly improved by the indefatigable induftry 
of the celebrated philofophers, Dr. Franklin and Di'. 
PrieftleyJ but it Wotild be endlefs to enumerate all 
the improvements that have been made by a great 
number of other gentlemen, who have each added 
fomething towards its advancement J but whoever 
would make himfelf acquainted with the particulars 
concerning ihofe advances, fhould read over the ela- 
borate hiftory of eleftricity compiled by the learned 
pr.'Prieftley: a work that will inform him of whatever 
had been done relative to the fubjeft till its publi- 
cation. 
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Of the Elearic Fluid. 

THE earth and all the bodies we are acquainted with, 
are fuppofed to contain a certain quantity of an cxceed- 
ingfy elaftic and fubtle fluid, which philofophers have 
agreed to term elefiric. This certain quality belonging 
to all bodies, maybe called their natural ihare; and 
fo long as each body contains neither more nor lefs than 
this quantity, it feems to be wholly dormant, and pro- 
duces no fenfible efFeft ; but the moment that the equi- 
librium is diflurbed, and any body becomes poiTelTed 
of more or lefs than its natural quantity, very remark- 
able effcfts arife from it. The body is faid to be elec- 
trified, and is capable of exhibiting appearances which 
are afcribcd to the power of Eleftricity. 

This equilibrium could never be difturbed, or, if it 
was difturbed, would be immediately reftorcd, and- 
theiefore be infenfible, but that fome bodies do not ad- 
mit the paflage of this eleftric fluid through their pores, 
or along their furfaces, though others do. By this 
means, whenever any body has acquired an additional 
quantity of eleftrlc matter, and is everywhere furround- 
ed with bodies through which it cannot pafs, it muft 
remain overloaded ; or, if it has loft part of what na- 
turally belonged to it, it muft remain cxhaufted ; be- 
caufethe furrounding bodies prevent any of the fluid 
from going to it, or coming out of it; and the body is 
then faid to be infulated. Thofc bodies through which 
the eledric fluid can pafs, are called condu£lors; and 
thofe through which it cannot pafs, are called non-coii- 
duftors of eleftricity; and into thcfc two kinds all bo- 
dies whatever arc claffcd by elcftricians. 

N*m. G The 
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The bcft conduftors of eleftficity, or thofc which 
admit the eleftric fluid to pafs through them with the 
- grcatcft cafe, are metals of all kinds. And the moft per- 
feft of the Don-condufting clafs of bodies are glafs, 
Tofin, fealing-wax, fulphur, bees-wax, and baked wood, 
among folids ; and oils arid air among fluids. But all 
fubflances become conduflors when they are made very - 
hot. They are alfo called eleftrics, and the condufiing 
fubftauccs arc called non-eleftries. 

The method of diflurbing the equilibrium of the elec- 
tric fluid in bodies, or of making it pafs from one to an- 
' other, is chiefly friftion, or a flight rubbing of them, 
one againft another. In this cafe, the eleftric fluid will 
in general leave that fubftance which has the rougher 
furface, and pafs upon the other, which isfmoother; or 
. it will leave that fubftance which is the lefs perfeft elec- 
tric, and pafs upon the other, which is the more perfeft 
p. ^-- cleftric of the two. Thus, if I take a fmooth glafs tube 
Fig. I. (fuch as is reprefented) and draw it through my ha^d, 
the effeft of that friftion is that the eleftric matter 
leaves my hand, and pafles upon the glafs, where it will 
remain as an addition to its natural quantitjk For as 
neither the glafs, nor the air which furrounds it, arc 
conduftors of eleftricity,this redundancy of the eleftric 
matter cannot poffibly get away; but if my finger, a 
piece of metal, or any condudling fubftance, be prc- 
fented to any part of the glafs thus overloaded with the 
cleftric fluid, it will pafs immediately from that part 
into them ; and if they be prefented to every part of 
the tube fucceflively, the whole of this redundant elec- 
tricity will be difcharged, and every thing will become 
juft as it was before the operation. The glafs, in this 
cafe, is faid to be excited, becaufe the ftidion feems to 
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yexcite, or call upon the ele£iric power which it had be- 
fore, but which lay dormant in it. 

In like manner, when the globe is whirled in the elec- 
trical machine, the fridion of the glafs againfl the rub- 
ber makes the'eleflric fluid which was i|i the rubber pafs 
on the glafs, froip whence it is conveyed to the prime 
condudor, the points of which are prefented to every 
part of the globe in fucceffion : and as the friftion is 
continued, there will, by this means, be a conftant 
fupply of the eleftric matter to the prime condudor^ 
though other bodies be prefented to it, and keep dif- 
charging it all the while in vifible fparks. The hand, 
in the former of thefe cafes, and the rubber in the latter, 
which had parted with their fhare of the eleftric fluid to 
the glafs, againfl: which they were rubbed, receive an 
immediate fupply from the conducing fubftanccs in 
contad with them ; and thefe are again fopplied by the 
general mafs of the fluid that is lodged in the earth. 

On the contrary, if I draw through my hand a flick 
of fealing-wax, a piece of fulphur, or a tube of rough 
glafs, the efFeft of the friftion is, that a quantity of elec- 
tric matter naturally belonging to the fulphur, &c.pa(re8 
from it to my hand ; and the fulphur being furrounded 
by the air, which is a non«condu£tor, remains exhauft- 
ed, and is ready to take fparks of eleQric fire from any 
bodies that are prefented to it. But it is impoflible to 
diftinguilh by the eye which way the ele£tric matter 
pafles, its velocity is fo extremely great. The fulphur 
in this cafe, though deprived of its fhare of cleftricity, 
is /aid to be excited as well as the glafs which was over- 
loaded with it, becaufe, though the flate they are in be 
the rcvcrfc of one another, the efFcQs produced by them 

G 2 are, 
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arc, in many refpefts, fimilar. The appearances which 
lead us to diflinguifh thero^ will be mentioned here^ 
after. 

Of Eleflrical Attra6iion and Rejiulji9n. 

THE great laws of the eleftric fluid, and thofe on 
which all the phenomena of eleftricity depend, are, that 
it is in a much higher degree than air elaftic, and re* 
pulfive of itfelf; that two bodies having both of them 
cither more or lefs than their natural fhare of it, repel 
one another; but that if one of them have more, and 
the other Icfs than its fliare, they will attraft one an- 
other. 

Thus : If I hang a bundle of hairs or feathers upon 
the prime conduftor, the moment I eledrify them, by 
turning the wheel of the machine, they begin to fly 
from one another ; fo that feme of them will ftand quite 
cre£l, in a beautiful manner; ard they cannot be made 
to collapfc and be brought in contaft with one another 
till I difchargc the conduAor, by taking a fpark from it 
with a piece of metal, or fome other conducing fuh- 
ftance. A large plumy feather alfo grows beautifully- 
turgid when it is elcftrified, expanding its fibres in all 
dircflions; and they collaple when the clcftricity is 
taken off. 

If I hold in my hand a bundle of threads, hairs, or 
feathers, and prefent them to the ekarified condudor, 
the clcftric fluid with which the condudoris overload- 
ed, repels the clearic fluid from thofe parts of the 
threads, &c. which arc next to it, into the more diftant 
piru of thofe bodies, or into my hand, and fo into the 

ground; 
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ground ; the confequence of which is, that the threads 
having lefs than their natural fhare, do ftrongly repel 
and avoid one another, and at the fame time are ftrongly 
attracted by the condudor, which is in an oppolite ftate« 
If the conduflor had been deprived of its natural {hare 
of eledricity, the bodies prefented to it would have had 
more than their natural (hare; fo that ftill the fame ap* 
pearance of mutual repulfion, and of attraction by the 
cpndudor, would have taken place; and univerfally all 
bodies that arc brought within the influence of ele£tri- 
fied bodies, whether they are fo by having more or left 
than their natural ihare of the eledrlc fluid, become 
poffefTcd of a contrary eleftricity. For the famereafon^ 
excited electrics of every kind attract all light bodies 
which arc brought within the fphere of their influence. 

Electrical attraction and repulfion are exhibited in a Experlmau: 
very pleafing manner, by means of a glafs tube and a 
feather. When the tube is excited, by being drawn 
through the hand, or a rubber, the feather when brought 
near it, will be attracted and jump to the tube; then, 
after taking fome time to get fully faturatcd with elec- 
tric matter (becaufe, being a bad conductor, it can re- 
ceive it but very flowly) it will fuddenly jump from it, 
and fly towards the next conductor, upon which it may 
difcharge the redundant electricity it has acquired. If 
no other body happen to be in the way, it will tend to- 
wards the ground ; but if the electrified tube be held 
under it, it will flill be repelled, and driven into the 
tniddle of the room, where it may be kept fufpended^ 
or be driven about in all directions almofl as long as 
a perfon pleafcs, if the air be dry. .. 

Other beautiful effects of electrical attraction and re- 
pulfion are (hewn at the prime conductor belonging to 

the 
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Fig. 3, the machine SoTpend a plate of metal from the con* 
V ductor, which is fupported by two pillars of glafs, and 
muft be fuppofed to be fupplied with electricity from 
the globe ; and underneath it, at the diflance of about 
three or four inches, put another plate of the fame iizei 
upon the lower of thefe plates lay a feather, or a fmall 
flip of light paper; and, as foon as the wheel begins to 
turn, the feather or the paper -will be attracted, and 
jump to the upper plate F ; from which it will be im« 
mediately repelled, and fly to difcharge itfelf upon the 
lower plate P, which is fupported on the pedeftal H G ; 
after which it will be ready to be attracted and repelled 
again. Thus will the feather or paper fly from the one 
plate to the other alternately, and with inconceiveablc 
rapidity, if the electrification be pretty vigorous. 
W'hen the pieces of paper are cut into the figures of 
"men and women, they exhibit a kind of dance, which 
is extremely amufing. 

. This experiment wilVbe the more diverting if it be 
Elcftrical accompanied .with that of the electrical bells, which 
f^g^S' depends upon the fame principle. Four bells, a, b, c, d, 
hang from brafs rods, communicated with the prime 
conductor, and another bell, e, fixed on a brafs pedeftal 
A> reaching to the ground ; and four fmall brafs balls, 
fufpcnded by filken threads, hang between a b, c, d, 
and the bell e in the middle. The confequence of this 
difpofition is, that the outermoft bells, which hang from 
the prime conductor by brafs chains, are electrified, and 
attract the brafs balls which hang by filk ; and the at-* 
traction being vigorous, they are made to ffcrike the 
bells with fome force, and make them ring. Being then 
loaded with electricity, they are immediately repelled 
from thefe outcrmpft bells, and fly to unload themfelves 
' ■ by 
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by ftriking upon the middle bell, which is infulatcd by 
the glafs pillar B» upon the pedeftal A; and from which 
the electric matter pafles to the floor by means of the 
brafs pedeftal A, The bxafs balls, which now may be 
called clappers to the bells, are then ready to be attrac- 
ted by the outermoft bells, as at firft ; and thus the 
ringing may be continued as long as it is agreeable. The 
amufement will be heightened, if the electrician now 
and then touch the prime conductor with a brafs rod, or 
with his finger ; for then the dancing and ringing will 
ceafe, and will not be renewed till his finger or the rod 
be removed. If he conceaU this application of hisfinger^ 
or the rod, with a little art, the figures will feem to 
dance, and the bells to ring, at the word of command. 



Of the EUaric Spark. 

WHEN I prefent a piece of metal, or any other gpod 
conducting fubftance, to the overloaded prime conduc<« 
tor, the electric matter will pafs with violence from the 
one to the other ; an eleflric fpark, with the appearance 
of fire, will be feen darting between them, and a report 
which is ufually compared to a fnapping noife, will be 
heard. If the piece of metal that is prefented to the 
prime conductor be infulated, fo that it cannot immedi-^ 
ately lofe what it receives, it will only take part of the 
charge from the prime conduftor (the whole of the re- 
dundant electricity being divided between them in pro-* 
portion to their furfaces) and either of them will give a 
fmaller fpark to another body that is prefented to them. 

When any perfon Hands upon the ftpol with feet made Fig. 7. 
of glais, or baked wood (fuch as is reprefented) and takes 

in 
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in his hand a chain faftened to the prime conduflor-J 
being then infulated, he may be confidcrcd as a part of 
the prime conduftor ; and any part of his body will ex- 
hibit all the fame appearances which the prime conduc* 
tor iifelf will do. Thus, if the finger of any perfon 
ftanding upon the floor be prefented to him, a fpark of 
fire will feem to ilTue from him, and both he and the 
perfon that receives it will feel a painful fenfation, like 
a pricking ; and the fame fnapping noife above men- 
tioned will be heard. Every part of his body will then 
attra£): light fubftances : and the bits of feathers, or the 
human figures above mentioned, cut in paper, and laid 
on a plate, will perform the fame dances that were men- 
tioned before, if the palm of his hand be expanded over 
them. Alfo the hairs of his head, or of his wig, if they 
happen to be loqfe, will repel one another ; and many of 
them will ftand upright. As thefe electric fparks, 
, which arc attended with a fenfation moderately pain- 
ful, will be excited wherever he is touched, or wherever 
he touches any other perfon, this experiment will 
thereby furnilh very great divcrfion. 

SobftancM Thc electric fpark has not only the appearance 
^dc£trT- ^f ^^^> ^"^ is capable of actually fetting fire to.va- 
•^- rious fubftances that are eafily inflamed j but the in- 

flammation is probably produced by the rapid motion 
into which the parts of the fubftances are thrown, by 
the aftion of the electric matter upon them* Thus, 
iffpirits of wine be held in a fpoon, and an electric 
fpark be drawn from the fpoon, fo as to pafs through 
any part of the fpirits, they will catch fire, and ' 
burn as if they had been lighted by a candle. 
The fpoon in which the fpirits arc contained may 
either be connected by thc prime conductor, and the 

<park 
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fpark drawn through them by a perfon (landing on the 
floor ; or the fpoon may be held by a perfon (landing on 
the floor, and the fpark be drawn through them by a 
brafs rod, either connected immediately with the prime 
conductor, or held in the hand of a perfon ftanding on 
the ftool, ih the manner mentioned above. If a candle 
be blown out, and an electric fpark be immediately 
drawn through the fmoke, it will often be lighted ag^n; 
but it requires a pretty ftrong fpark, and fome degree of 
dexterity and experience in the operator, to produce 
this effect with certainty. It will be more amuflng, 
and the effect will be as certain, if the fpark be drawn 
through the fpirits by the end of a perfon's finger* 

Not only are tlie fenfes of feeling, feeing*, and hearing 
affected by electricity, in the manner defcribed above, 
but it is even fenfible to the fmell and the tafte. If a 
pointed brafs rod be electrified, either by being fattened 
to the prime conductor, or held in the hand of a per- 
fon electrified, and another perfon ftanding upon the 
floor prefent his noftrils within an inch or two of the 
point, he will feel a ftrong and dlfagreeable fmell, like 
that of burning fulphur ; and if he receive the elec- 
tric effluvia iffuing from the point upon his tongue, he 
will perceive a tafte which is manifcfily acid* 

The machine, as reprefented Fig. 2, was fuch as my 
ingenious friend the Rev. Mr. Timothy Prieftley ufed, 
on account of its fimple conftruction, as not being liable 
to be out of order foon, having no wheel or ftring ei- 
ther to make any noife or need alteration ; it may be 
fixed firm on a table, and taken off in a moment ; and 
the globe may be take^/^t with the greateft eafe, in 

No. IV, # H order 
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order to be packed up. When the infide of the globe 19 
lined with his compofition, hereafter mentioned, it "will 
produce more fire than with any other compofition 
which I know of. 

The fpring S that is reprefented in the plate, is for 
thofe that care not for having the rubber infulated ; but 
thofe that are more curious may have them made with 
the rubber well infulated by a glafs pillar, that will hold 
the rubber to the back part of the globe, as reprefented 
Plate IV. Fig. 1. 

«nli:tkm of ^*S* ^' -^ ^^ ^ piccc of mahogany, 9 inches fquare^ 

the eiectri- and 1 incli 1 quarter thick, in which a pedeftal B is 

chine. fixed ; C is an iron axle, to which is fixed a brafs cap, 

and to which the globe G is firmly cemented, and 

runs in a brafs focket E, through the middle of the 

pedeftal B, and turned by the handle H. 

R 18 the rubber, which is made of a piece of wood 
cut to the curve of the globe, to which is fixed a lea- 
ther covering, which being at a little diftance fixim 
the wood in the middle, it will yield to the preffure 
of the globe the better. 

On this leather is another leather, which wiU take 
off by taking out a pin : on this the amalgam is rub- 
bed, and being fo eafily taken off, is more readily 
brought into order than thofe which have only one 
leather, and that fixed to the rubber. To this outer- 
moft leather is fixed a piece of black filk, which reaches 
half round the globe, and greatly increafes the fire, fi> 
that it will give fire well, if the rubber fcarce touch 

the 
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the globe. This machine will fuit any kind of con- 
ductor ; but I prefer paper globes covered with tin-foiL 
they being, in my opinion, the moft compact, and re- 
tain the electrical effluvia better than any other fliape. 



Of the Influence of Points in EleSlricity. 

THE more acutely pointed any bodies are, the more 
eafily do they take or part with the electric matter. 
Thus, if a needle, or fliarp-pointed wire, be faftened to 
the prime conductor, it will retain but a fmall degree of 
electricity, and confequently will give but a fmall fpark 
when the finger or a piece of metal is prefented to it. 
Alfo, if the needle, or fharp pointed wire, be held in the 
hand of aperfon (landing upon the floor, artd prefented 
to the conductor, it will likewife be found to tetain but 
a fmaU degree of electricity. In the former of thefe 
cafes, while the needle was in contact with tlie prime 
conductor, the electric matter went off at the point, arid 
was difperfed in the air, or among the conducting par- 
ticles, which are always floa(ting in th6 common atmo- 
fphere. In the latter cafe the lieedle being prefented 
towards the conductor, received the electric matter 
from it at a coniiderable diflance. 

If thefe experiments be made in the dark, a flame 
will be feen at the point of the needle or wire ; but 
the appearance of the fire will not be the fame in both 
cafes, but confiderably different ; fo that it may always 
be perceived by the eye, whether, according to the 
common theory, the point be receiving or giving out 
the electric matter. 

If the fliarp pointed wire be giving out the electric 
matter, the flame will be large 5 the parts of which it 

H 2 confifts 
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confifts will be fewer ; and if the point be not very- 
acute, a kind of fnapping noife will be heard a« the 
electric matter is iffuing out of it into the air] whereas, 
if the pointed wire be receiving the electric matter, 
the flame will be much fmaller and more globular ; 
the parts of which it confifts will be more in number, 
and the noife that is made will be a kind of hifling. 
The flame iflhing from a body, on account of its ob- 
long form, is called a pencil ; and when the rays oome 
to a point they project more equally from the centre^ 
and it is then called a ftar. 

The reafon why pointed bodies tranfmit the electric 
fluid with fo much eafe, has not yet been thoroughly 
expl^ned; but the effects of it are exceedingly remark- 
able. The capital ufe that has been made of this obfer- 
vation, has been to draw the electric matter from the 
clouds, and thereby to prove that lightning and elec- 
tricity are the fame thing i for if a long rod or pole 
with a fharp pointed wire at one end of it, be fupport- 
ed by electric fubflances, the point projecting towards 
the clouds will draw the electric matter from them, 
and become fenfibly charged with electricity ; juft as 
it would have been from being connected with the 
prime conductor of an electrical machine. It will at- 
tract light bodies, fparks of electric matter may be 
drawn from it, and it will exhibit every other appear- 
ance of common electricity 5 as, on the other hand, by 
common electricity, we can produce in miniature all 
the known effects of lightning. 

^'S' ^* Several amufing experiments depend on this property 

of pointed bodies, to tranfmit the electric fluid. If a 
plate of tin be cut into the form of a flar, and be fup- 

ported 
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ported on its center D by a wire projecting from tlie 
prime conductor AB; as foon as the wheel of the ma- 
chine is turned^ and this apparatus electrified, a flame 
will appear at tlie extremity of every angle of the ftar> 
which will be very beautiful ; and if the ftar be made 
to turn fwiftly on its center, an entire circle of fire 
will be feen in the dark. This experiment will be 
very furprizing to perfons unacquainted with electri- 
city, if the operator now an then privately touch the 
prime conductor, which may eafily be managed, as it 
is performed in the dark ; for by this means he may 
command the appearing or difappearing of the ftar, or 
circle of fire, at pleafure. 

If two fharp pointed wires be bent, with the four 
ends at right angles, in the fame plane, but pointing 
different ways, and be made to turn upon a center D; 
the moment it is electrified a flame will be fcen at the 
points abed ; but what is moft furprizing in the expe- 
riment is, that the wire will, at the fame time, begin 
to turn round in the direction oppofite to that to 
which the points are turned, as if fome vifible power 
acted upon the points, and pufhed againft them ; and 
if the electrification be continued, the motion will 
prefently become very rapid. 

If the figures of horfes, cut in paper, be faftened Electrical 
upon thefe wires, and they be fo contrived that the ^°"^ '^*^** 
points ftiall be in their tails, the experiment will be 
very beautiful; the horfes will feem to purfue one 
another, though without a poflibility of any of them 
overtaking the xeft ; and this is called the electrical 
horfe race. It Is poflible to make feveral of thefe 
wires, each having a confiderable number of points 
bent backwards, with horfes. Sec. faftened to each of 

them. 
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them, and turning one above another ; and then fonie 
of them may be contrived to move fafter than the others* 
They may alfo be made to move different ways. 

Proniifcuous Experiments. 

THE reader in the courfe of this v^'ork muft obferve 
in feveral of the experiments already defcribed, the re- 
markable property that points have, both of throwing 
off and receiving filently the electric fluid; but here- 
after I fliall defcribe fome more curious experiments of 
this kind, by which the influence of points, in refpect 
of electricity, may be better underfl:ood, and which 
may in a more particular manner demonfl:rate the uti- 
lity of metallic conductors to houfes or piles of build- 
ing, in order to preferve them from the damage often 
occafloned by a ftroke of lightning ; which is one of 
the greateft benefits that mankind has received frona 
the fcience of electricity. 

The Dancing Balls. 

Expert- FIX a pointed wire on the prime conductor, with th-e. 

"*"* * point outward; then take a glafs tumbler, grafp it with 
your hands, and prefent its infide furface to the point of 
the wire on the prime conductor while the machine is in 
motion ; the glafs in this manner will foon become 
charged ; for its infide furface acquires the electricity 
from the point, and its outfide lofes its natural quantity 
of electric fluid through the hands, which ferves as a 
coating. This done, put a few pith balls on the table, 
and cover them with this charged glafs tumbler. The 
balls will immediately begin to leap up along the fides 

Fig. 9. of the glafs, as reprefented, and will continue their 
motion for a confiderable time. 

In tills experiment the pith balls are attracted and re- 
pelled 
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pelledby the electric fluid fuperinduced upon the infide 
furface of the glafs^ which they gradually conduct to 
the table, or other conducting body upon which the 
glafs is fet ; at the fame time that the outward furface 
df the glafs acquires the electric fluid from the contigu- 
ous air. This experiment may be made more diverting 
by having a glafs cylinder three inches long, and the 
fame in width, open at both ends, with a brafs plate 
fixed on its top ; put any number of balls you pleafe, 
and electrify the brafs cover, and the balls will dance 
with a very rapid motion, which will continue as long 
as the operator turns the machine. 



To prove ibat Glafs and other Electrics become ConduSiors^ 
when they are made very bot^ 

IN order to afcertain the condufting quality of hot Expcri- 
refinous fubftances, oils, &c. bend a glafs tube in the Fig. lo.' 
form of an arch C E FD, and tie a filk firing C G D to it, 
which fer\^es to hold it by, when it is to be fet near the 
fire : fill the middle part of this tube with rofin, fealing- 
wax, &c. then introduce two wires, AE, EF, through its 
ends, fo tiiat they may touch the rofin, or penetrate a 
little way in it. This done, let a perfon hold the tube 
over a clear fire, fo as to melt the rofin within it ; at the 
fame time, by connefting one of the wires A or B with 
the outfide of a charged jar, and touching the other with 
the knob of the jar, endeavour to make the difcharge 
through the rofin, and you will obferve that, while the 
rofin is cold, no ihocks can be tranfmitted through it ; 
but it becomes a conduftor, according as it melts ; and 
when totally melted, then the fliocks will pafs through 
it very freely. 

- The 
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The Tbunder-Houfe 

rocntl'iL ^^ ^^ inftmment reprefenting the fide of a houfe^ ei- 
Fig.li. ^er furniflied with a metallic conductor, or not; by 
which both the bad effects of Hghtning ftrikingupon a 
houfe not properly fecured, and the ufefulnefs of metal- 
lic conductors may be clearly reprefented. A is a board 
about three quarters of an inch thick, and fhaped like 
the gable end of a houfe. This board is fixed perpendi* 
cularly upon the bottom board B, upon which the per- 
pendicular glafs pillar CD is alfo fixed in a hole about 
eight inches diftant from the bafis of the board A. A 
final I hole I LM K about a quarter of an inch deep, arid 
nearly one inch wide, is made in the board A, and is 
filled with a fquare piece of wood, nearly of the fame 
dimcnfions. I mention nearly of the fame dimenfions, 
bccaufe it nmft go fo eafily into the hole, that it may 
drop off by the leaft fhaking of the inftmment. A wire 
LK is faftened diagonally to this fquare piece of wood^ 
Another wire I II of the fame thicknefs, having a brafs 
ball H fcrewed on its pointed extremity; is faftened 
on the board A; fo alfo the wire M N, which is fliaped 
in a ring at O. From the upper extremity of the glafs 
pillar C D, a crooked wire proceeds, having a fpring 
focket F, through which a double knobbed wire flips 
perpendicularly, the lower knob G of which falls juft 
above the knob H. The glafs pillar D C muft not be 
made vQ^-y faft into the bottom board ; but it muft be 
fixed fo as it may be pretty eafily moved round its own 
axis, by which means the brafs ball G maybe brought 
either nearer or farther from the ball H, without 
touching the part EF G. Now, when the fquare piece 
of wood L M I K (which may reprefcnt the fliutter 

oT 
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of a window or the like) is fixed into the hole, fo that 
the wire L K (lands in the dotted reprefentatioh I M5 
then the metallic communication from H to O is com- 
plete, and the inftrument reprefents a houfe fumiihed 
with a proper metallic cohduftor ; but if the (quaire 
piece of wood L M I K is fixed fo that the wire L K 
(lands in the direftion L K, as reprefented in the Fi- 
gure, then the metallic coiiduftor H O, from the top 
of the houfe to its bottom, is interrupted at I M ; in 
which cafe the hou(e is not properly fecm^. 

Fix the piece df wood LMIK, fo that its wire may- 
be as reprefented in the Figure, in which cafe the me* 
tallic conduftor H O is difoontinued. Let the ball G 
be fixed at about half an inch perpendicular diftance 
from the ball H, then, by turning the glafs pillar DC, 
remove the former ball from the lattet : by a wire or 
chain, conne£t the wire EF with the wire Qof the jar 
P, and let another wire or chain, fadened to the hook 
O, touch the outfide coating of the jar. Conhe6l the 
ivire Q with the prime conduftor, and charge the jar: 
then, by turning the glafs pillar D C, let the ball G 
come gradually near the ball H, and when they are 
arrived fufficiently near one another, you will obferve 
that the jar explodes, and the piece of wood LMIK 
is pufhed out of the hole to a confiderable didance 
from the thunder-houfe. Now the ball G in this ex- 
periment, reprefents an eleftrified cloud, which when 
it IS arrived fufficiently near the top of the houfe A, 
the ele^ricity ftrikes it j and as this houfe is not fe- 
cured with a proper conduftor, the explofion breaks 
part of it, i. e. knocks off the piece of wood I M. 

No. IV. I Repeat 
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Repeat the experiment with only this variation, viz. 
that this piece of wood I M is fituated fo that the wire 
L K may ftand in the fitnation I M, in which cafe the 
conduftor H O is not difcontinued ; and you will ob- 
fen^e, that tlie explofion will have no efiedl upon the 
piece of wood L M, this remaining in the hole un- 
moved ; which (hews the ufefulnefs of the metallic 
conduAor. 

Further, unfcrew the brafs ball H from the -wire 
HI, fo that this may remain pointed^ and with only this 
difference in the apparatus, repeat both the above .ex- 
periments ; and you will find the piece of wood I M is 
in neither cafe moved from its place, nor any explo- 
fion will be heard. 



Of the Eharical BaUerj\ 

Fig. 12. A number of coated jars connected togetlier in fuch 
manner that their whole force may be united, and act 
like one jar, conftitutes what is called an electrical 
battery. This battery is the mod formidable and en- 
tertaining part of an electrical apparatus ; and by its 
ufe many wonderful effects are produced, 

If a battery is required of no very great power, as 
containing about eight or nine fquare feet of coated 
glafs, I fliould recommend to make ufe of common 
pintor half pint phials, fuch as apothecaries ufe. They 
may be eafily coated with tin-foil on the outfide, and 
brafs filings on the infide ; they occupy a fmall fpace, 
and on account of their thinnefs hold a very good charge. 
But when a large battery is required, then thefe phials 

cannot 
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cannot be ufed, for they break very eafily ; and for 
that purpofe cylindrical glafs jars of about fifteen 
inches high and four or five inches in diameter^ are 
the moft convenient. 

When glafs plates or jars, having a fufficiently large 
opening, are to be coated, the bed method is to coat 
them with tin-foil on both fides, which may be fixed 
upon the glafs with pafte made of wheat-flour ; but in 
cafe the jars have not an aperture large enough to ad- 
mit the tin-foil, and an inftrument to adapt it to the 
furface of the glafs, then brafs-filings, fuch as arc fold 
by. the pin-makers, may be advantageoufly ufed ; and 
they may be ftuck with gym-water, bees wax, &c. 
Care muft be taken that the coatings ^o not come 
very near the mouth of the jar, for that will caule the 
jar to difcharge itfelf. If the coating is about two 
inches below the top, it will in general do very well ; 
but there are fome kinds of glafs efpecially tinged 
glafs, that when coated and charged, have the pro- 
perty of difcharging themfelves more eafily than others, 
even when the coating is five or fix inches below the 
edge. There is another fort of glafs like that of which 
Florence fla(ks are made, which, on account of fome 
unvitrified particles in its fubftance, is not capable of 
holding the lead charge ; on thefe accounts therefore, 
whenever a great number of jars are to be chofen for a 
large battery, it is advifeable to try fome of them firft, 
fo that their quality and power may be afcertained. 

A battery compofed of twelve jars coated in tl^e ^nfide 
and outfide with tin-foil, which altogether contain about 
twelve feet of coated glafs. About the middle of each of 
thefe jars is a cork that fuftains a wire^. which at the tap 

I 2 is 
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18 faftened rounds or foldered to the wire E, knobbe^ 
at each end; which connects the infide coatings of ^hreQ 
jars; and by four wires, fuchas FF, the ipfide coatings 
of all the twelve jars may be connected together. £a^ 
of the wires F, has a rin^ at bqe,end, through which 
one of the wires £ pafles, and the other end has a braf^ 
knob. If the who|e force of the battery is not required, 
one, two, or three rows of jars may be ufed at pleafure 3 
for as each of the wires FF is moveable round the wire 
E, which pafles through its ring, and refts upon the 
next wire E, it may be eafily removed from that, and 
turned upon the contrary wire E ; and thus the com- 
munication between one row of jars and another may 
be difcontinued at pleafure. See the Figure: 

The fquare box that contains thefe jars is of wood, 
lined at the bottom with tin-foil, and has two handle^ 
on two oppofite (ides, by which it may be ealily re- 
moved. In one fide of the box is a hole through 
which an iron hook paffes, which communicates with 
the metallic lining of the box, and confequently with 
the outfide coating of all the jars. To this hook is 
feftened a wire, the other end qf which is connected 
with thp difcharging rod. 

fig. 4. The difcharging rod confifts of a glafs handle A, and 
two curved wires B B, which move by a joint C, fixed 
^o the brafs cap of thp glafs handle A. The wires BB 
are pointed, and the points pnter the knobs D D, to 
which they are fcre^ved, and may be unfcrewed fix)m 
them at pleafure. By this conftruction we have the 
opportunity of ufing die balls or the points as occa- 
fion requires "; and as the wires are moveable by the 
joint C, they may be adapted to fmaller ox larger at 
pleafure. The 
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The battery reprefented in the plate, is a finall one in 
comparifon to thofe now frequently ufed, and much too 
weakforthepurpofeof fomeexperiments. ButI tl>ought 
it fufficient to give an ideax)f its couftruftion ; and when 
a large battery is to be conftrufted, I would recommend 
rather to make two, three, or more fmallonesas repre- 
- fented in the plate, tlian a fingle large battery, wliich 
is heavy, and, on feveral accounts, inconvenient. The 
force of feveral fmall batteries may be eafily united by 
^ wire or chain ; and thus they may be made to acl in 
every refpeft like a large one. The bed conftruftion of 
a battery is to have a wire from every jar, connected 
with a ball at the top, in form of a wire-cage. 

The force of accumulated electricity, great as it ap- 
pears by the experiments performed with a fingle coated 
jar, is very fmall when compared with that which is pro 
duced by a number of jars connected together ; and if 
the effects of a fingle jar are furprifing, the prodigious 
force of a large battery is certainly aftonifhing. To ob- 
ferve that the metals, even the moft putrified platina, 
which refift the greateft efforts of chemic fire, arc ac- 
tually, and almoftinftantaneoufly rendered red hot, and 
fufed ; to fee animals deftroyed, and to hear the loud 
report of a large electric battery, are things that always 
produce a kind of terror in the mind of an attentive oh- 
ferver. Experiments of this kind fliould be conducted 
with great caution ; and the operator ought to be atten- 
tive not only to the bufinefs in hand, but alfo to the per- 
fons who may happen to be near him, prohibiting their 
touching, or even coming too near any part of the appa- 
ratus : for if a miftake in performing other experiments 
may be difagreeable, thofe in the'difcharge of a large 
battery may be attended with -vvorfe confequencrs. 

When 
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When a battery is to be charged, inftead of a large 
prime condu6lor, a fmall one is much more convenient s 
for in this cafe, the diflipation of the eleftricity is not 
fo confiderable. The quadrant eleftrometer, which 
fliews the height of the charge in the battery, may be 
fixed either upon the prime conductor, or upon the bat- 
tery 5 in which cafe, it (hould be fixed upon a rod pro- 
ceeding from the wires of the jars ; and if the battery 
be very large, it fliould be elevated two or three feet 
above tbem. 

The index of the electrometer in charging a largQ 
battery will feldom rife fo high as 90^, becaufe (he 
machine cannot cljarge a battery fo high in proportion 
as a lingle jar. Its limit is often about 60^ or 70^, 
more or lefs, in proportion to the fize of the b^tt^ry 
and the force of the machine. 



The Spider feemingly animated by EJe&ricity. 

Experf. AN electric jar, having a wire CD E, faftened on its 
Fig. 14. * outiide, which is bended fo as to have its knob E as high 
as the knob A. B is a fpider made of cork with 9i, few 
fhort threads run through it to reprefent its legs. This 
fpider is faftened at the end of a filk thread, proceeding 
from the ceiling of the room, or from any other fupport, 
fo that the fpider may hang mid- way between the two 
knobs AE, when the jar is not charged. Let the place 
of the jar upon the table be marked ; then charge the 
jar by bringing its knob A, in contact with the prime 
conductor, and replace it in its marked place. The 
Ipider will now begin to move from knob to knob^ and 
continue this motion for a confiderable time, fometipies 
for fcveral hours. 

Tlie 
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The infide of thejar being charged pofitively, the 
fpider is attrafted by the knob A, which communi- 
cates to it a fmall quantity of electricity : the fpider 
then becoming poflefled of the fame electricity with 
the knob A, is repelled by it, and runs to the knob E, 
where it difcharges its electricity, and is then again 
attracted by the knob A, and fo on. In this manner the 
jar is gradually difcharged ; and when the difcharge 
is nearly completed, the fpider finiflies its motion. 



The Spiral Tube, 

An inftrument compofed of two glafs tubes CD, one ^*^'v. 
within another, and clofed with two knobbed brafs caps ^'S- «*• 
A and B. The innermoft of thefe tubes hiis a fpiral 
row of fmall round pieces of tin-foil, ftuck upon its out- 
fide furface, and lying at about one-thirteenth of an 
inch from each other. If this inftrument be held by 
one of its extremities, and its other extremity be prc- 
fented to the prime conductor!, every fpark that it re- 
ceives from the prime conductor, will caufe fmall fparks 
to appear between all the round pieces of tin-foil fiuck 
upon the innermoft; tube, which in the dark aflbrds a 
pleating fpectacic, the inftrument appearing encom- 
paSed by a fpiral line of fire. 

The fmall round pieces of tin-foil are fometimes ftuck ^*s- »9« 
upon a flat piece of glafs A B C D, fo as to reprefent 
curve lines, flovverg, letters, &c. and they arc illumi- 
nated after the fame manner as the fpiral tube ; i. c. by 
holding the extremity C or B in the hand, and prc- 
fenting the other extremity to the prime conductor 
when the machine is in motion. They may alfo be 
fixed in any other pofitFon by having connecting wires. 

To 
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Tojbfr.v that the EhBric Fluid prefers ajhort Pajfage 
through the Air to a lo?ig Une through good Condudors* 

^^P*'l- . BEND a wire about ten feet lonff, at the ends of 

nicnt VI. ^ 

Fig. i6. which fix a piece of glafs G^ to keep the parts A B at a 
proper diftance, fo that they may Aide within half an 
inch of one anotlicr if required ; then connect the chains 
belonging to the Aiding wires with the hook of the bat- 
tery and the difcharging rod, and fend the charge of 
a battery through it. On making the explofion, a fpark 
ivill be feen between A and B, which fliews that ther 
electric fluid chufes rather a (hort paflkge through the 
air than a long one through the wire. The charge, how- 
ever, docs not pafs entirely through A and B, but part 
of it alfo goes through the wire, which maybe proved 
by putting a flender wire between A and B ; for on ma-' 
king the difcharge, with only this addition in the appa- 
ratus, the fmall wire will hardly be made red-hot, where- 
as i f the large wire ADB be cut in D, fo as to difconti- 
niic the circuit AD.B, the fmall wre will be melted, and 
even exploded by the fame fhock that before made it 
fcarccly red-hot. In tliis manner the conducting power 
of different metals may be tried, ufing metallic circuits 
of the fame length and thicknefs, and obferving the 
difference of the pafllige through the air in each. 



Tofu-ell Chvy and Ircah fmall Tubes with EleBri^ 
Explojion. 

ExprH- ROLL up a piece of foft tobacco-pipe clay in a fmall 

Fig? 21. cylinder CD, and infert in it two >vires AB, fo that their 

ends within the clay may be about a fifth part of an inch 

from 
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from one another* If a (hock be fent through this 
clay, by connefting one of the wires A or B with the 
outfide of a charged jar, and the other with the infide, it 
will be inflated by the (hock; /. e. by the fpark that paf- 
fes between the two wires, and after the explofion, will 
appear as reprefented. Fig. 23. If the ihock fent thro* 
it is too ftrong, and the clay not very moift, it will be Fig. 13. 
broken by the explofion, and its fragment fcattered in 
every direftion 

To make this experiment with a little variation, take 
a piece of the tube of a tobacco-pipe, about one inch 
long, and fill its bore with moift clay, then infert in it 
two wires, as in the above rolled clay, and fend a fhock 
through it. This tube will not fail to burft by the force 
of the explofion, and its fragments wilLbe fcattered about 
to a great diftance. 

If, inftead of clay, the above-mentioned tube of the to- 
bacco-pipe, or a glafs tube (wli|ich will anfwer as well) 
be filled with any other fubftanc^ either eleftric or non- 
cleSric, inferior to metal, on making the difcharge, it 
will be broken in pieces with nearly the fame force. 



An EkSlronuter : 

WHICH confifts of a lined thread, having at each 
end a fmall cork or pith-ball. This eleftromcter is fuf- 
pended by the middle of the thread on any conduftor 
proper for the purpofe, and ferves to Ihew the kind and 
quantity of its electricity, by applying a ftick of lealing 
wax excited, or an excited fmooth glafs tube to the balls, 
which will recede or coUapfe when the above wax or 
tube are applied alternately. By this means it will (hew 

No. y. K wbcthet 
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wlictlicrtheconduftor be charged pofitivcly or ncgativ©-* 
ly ; for if it be charged pofitively by applying thc- 
cxcited glafs, the balls will recede ftill further afunder^ 
and on applying the excited wax, tliey collapfe to- 
gether. 



^he Univerjal Dlfcharger : 

Fig. 8; WHICH IS of extenfive ufe, and is compofed of the 

following parts : A is a flat board fifteen inches lon^ 
four inches broad, and one thick, or thereabouts, which 
forms the bafis of the inftrument. B B are two glafs 
pillars cemented in two holes upon the board A, and fur- 
nilhed at the top with brafs caps, each of which has a 
turning joint, and fupports a fpring tube, through which 
the wire D C Aides, Each of thefe caps is compofed 
of three pieces of brafs, conneSed fo, that the wire D C, 
befides its Aiding through the focket, has two other mo* 
tions, viz. an horizontal and vertical one. Each of the 
wires D C, D C, is furniflied with an open ring at one 
end, and at the other end has a brafs ball, D, which, by 
a Aiort fpring focket, is Aipt udm its pointed extremity, 
and it may be removed from irat pleufure. Eis a ftrong 
circular piece of wood five inches in diameter, having, 
on its furface, a Aip of ivory inlaid, and furniAied with 
a ftrong cylindrical foot, which fits the cavity of the 
focket F, which is fattened in the middle of the bottom 
board, and has a fcrew G, which Itrves to fatten the foot 
of the circular board Eat any required height. 

To prove that the Ele^ric Spark difplaces and rarefies the Au 

Ixperimcni THE elcftrical thermometer being very ufcful to 
pig. 24. obferve the effefts of the eleftric explofion upon a*r> 

the 
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the 1x)dy of this thermometer confifts of a glafs tube, A 
B, about ten inches long* and nearly two inches diame- 
ter; and doled air-tight at both ends by two braft caps. 
Through a hole in the upper cap, a Imall tube, H A, 
opens at both ends, is introduced in fomc water, at the 
bottom B of the large tube. Thro' the middle of each 
of the brafs caps, a wire FGEl is introduced, having a 
brafs knob within the glafs tube, and by Aiding through 
the caps, they may be fet any diftance from each otlier. 
This inftrument is, by a brafs ring C, fattened to the 
pillar of the wooden ftand CD, that fupportsit. When 
the air within the tube A B is rarefied, it willprefs upon 
the water at the bottom of the tube, which will confc- 
quently rife in the cavity of the fmall tube; and as this 
water rifes higher or lower, fo it (hews the greater or lefs 
rarefa£lion of the air withjn the tube A B, which has no 
communication with the external air. 

If the water when this inftrument is to bcufed, is all 
at the bottom of the large tube, /. e. none of it is in the 
cavity of the fmall tube ; it will be proper to bjow with 
the mouth into the fmall tube, and thus caufe the water 
to rife a little in it; where, for better regulation, a mark 
may be fixed. 

Bring the knobs G I of the wires I E, FG, into con- 
taft with one another, thenconneA the ring E orF with 
one fide of the charged jar, and the other ring with the 
other fide, by which operation a Ihock will be made to 
pafs through the wires I G, I p, ;. e. between the knobs 
G I. In this cafe you will obfervQ that the water in the 
fmall tube is not at all moved from the mark; which 
fhovvs that the paflage of the eleftric fluid,through con- 
duftors fufficiently large, occafions no rarefaftion, nor 
difplaces the air about them. 

Ka Put; 



68 AN INTRODUCTION TO 

Put the knobsG I a little diftant from one another, atti 
feud a Ihock through them as before, and you will fee 
that the fpark between the two knobs not only difplaces, 
but rarefies confiderably the air; for the water will 
be fuddenly puftied almoft at the top of the fmall 
tube, and immediately it will fubfide a little ; as for in- 
ftance, as far as H ; which is occaiioned by the fudden 
difplacingandreplacingof the air aboutthe place where 
the fpark appeared within the tube A B. After that the 
water has fubfided fuddenly from the firft rifing, it wiH 
then gradually and flowly come down to the mark at 
which itftood before the explofion; which is the efFeft 
of the air that was rarefied, and which gradually returns 
to its former temperature. 

If this experiment be made in a room where the de- 
gree of heat is variable, then proper allowance muft be 
made for this circumftance, in eftimating the event of 
the experiment ; for the eleftrical air-thermometer is 
afFefted by heat or cold in general, as well as by that 
caufed by an eleftric fpark. 

7%e Courfe of the ElcHric Ifluid in the Dlfcharge^ rendered 
v'ljibk by the Star and Pencil. 

Fig. 15. WHEN a ]^t is charged, take a difcbarging rod hav- 

ing its ends pointed; /. e. the difcharging rod reprefcntcd 
in Fig. 4, without its knobs, and keep it as reprefented 
Fig. 15 ; u e* in fuch afituation, that one of its points 
C may be at about one inch diftance from the knob A, 
and the other point B, at an equal diftance from the out- 
fide coating of the jar : by thefe means the jar will be 
difcharged filently ; and if its infide be eleftrified pofi- 
tively, you will fee that the point of the difcharging rod 
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.18 illuminated, with a ftar, and the point B with a pencil; 
becaufc, in this cafe, the eleftric fluid, going from the 
infide to the ootfide of the jar, enters the point C, and 
iffues from the point B. But if the jar is eledrified ne- 
gatively on the infide, and confequently pofitive on the 
outfide, then the pencil of rays will appear upon the 
point C, and the ftar upon thepoint B : for in this cafe 
the eledric fluid palTes from the outfide to the infide of 
the jar. This experiment, as well as any other in which 
the eleftric light is to be obferved, requires to be made 
in the dark* • 

The Ltjiifi Vacuum. 

A Small phial coated on the outfide about three Fig. 20. 
inches up the fide with tin- foil ; at the top of the neck ' 

of this phial a brafs cap is cemented, having a hole with 
a valve ; and from the cap a wire proceeds a few inches 
within the phial, terminating in a blunt point. When 
this phial is exhaufted of air, a brafs ball is fere wed upon 
the brafs cap, which is cemented into its neck, (o as to 
defend the valve, and prevent any air from getting into 
the exhaufted glafs. The infide of this phial requires no 
coating, becaufe, as the eleftric fluid pervades vacuum, 
it can pafs^ freely from the wire to the furface of the ex- 
haufted glafs, without the helpof a non-eledric coating. 
This phial exhibits clearly the direftion of the eleftric .^ 

fluid bodi in chargingand difcharging ; for if it be held mem ix« 
hy its bottom, and its brafs knob be prefented to the 
prime conductor pofitively elefirified, you will fee that 
the eleAric fluid caufcth the pencil of rays to proceed 
from the wire within the phial, as reprefented Fig. ai, 
and if it is difcharge4, a ftar wiU appear in the place pj 

of '^■''" 
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other wir<5 be touched with the knob of it, the cxplolion 
which muft pafs through the water from the knob of 
one of the wires to that of the other, will difperfc the 
water, and break the glafs with a furprifing violence. 
This experiment is very dangerous, if not condufted 
with great caution. 



to* 



Th^Powder-Houfe 

IS an ingenious contrivance, and well adapted to the Plate IV, 
purpofe : the front is fitted up like the thunder-houfe; it ^** ^' 
is generally made 7 or 8 incheslong, and nearly the fame 
height to the top of the roof ; the fide and that half of 
the roof next the eye, is omitted in the figure, that the 
infide may be more conveniently feen. The fides, back, 
and front of the houfe are joined to the bottom by hinges; 
the roof is divided-into two parts, which arealfo faftcn- 
ed by hinges to the fides; the building is kept together 
by a ridge fixed Jhalf-way on one fide of the roof, fo 
that when the building is put together, the other half of 
the ridgelaps over the other half of the roof, and holds it 
together. Within the houfe there is a brafs tube i| 
inch long, and j-8ths of an inch in diameter fcrewed on a 
pedeftal of wood ; into the fide of this brafs tube is 
fcrewed a wire, which goesthro'i-Bthof an inch or better; 
the other end, by means of a chain, has a communication 
to the hook D ; at the other fide of the tube a piece of 
ivory, one inch long, is fcrewed, with a fmallhole for the 
wire to Aide into. 

. To ufc this apparatus, fill the glafs tube A with gun- 
powder, and ram the wire B a fmall way into the ivory 
tube ; thca cortncft the hook C with the bottom of a 
large jar or battery; and when the jar, &c. is charged, 

form 
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form a communication from the book D to the top of 
the jar, &c. the difcharge will then take place, and the 
cxplofion of the gun-powder will throw afundcr the 
roof; and the fides, the fore-front, and back-front will 
then fall down. 



7Jr Pyramid^ 

fij. 4. As reprefented, Fig. 4, is defigned to (hew the (aiuct 

experiments as the thunder-houfe, and is ufed in the 
fame manner. When the piece A is thrown out by the 
difcharge, the upper part of the pyramid fallsdown ; it is 
ufually made to reprefent a ftone fteeple, and is compo* 
fed of feveral pieces ; by which means, when the difi* 
charge is made^ ^ere appears greater devaftation^ 



The Luminous Word. 

Fi«- 5« This experiment is cxaftly on the fame pwnciple a$ 

Fig. 18 and 19, Platelll. and the wordis formed by the 
fmall feparations made in the tin-foil ; if they were cut a 
little round at every divifion, the fpark by that means 
would appear more vivid as itpaffed along the windings^ 

It may be obferved in making thefeexperimcnts,that 
the longer any word is, and the oftenerthetih-foil is cut, 
the more powerful the machine mull be, inorder to con- 
vey the fpark from one end to the other 5 becaufe every 
time the paffage is interrupted by cutting, the fpaceis in- 
creafed; and in long conveyances the fpace will amount 
to more than the machine will be able to overcome* 

There- 
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Therefore the ihorter the illiuninationi are^ th« more 
pleaiiDg diey will appear. 



Tojheut bwf a Jar tbargts mid difcbargis* 

Coat a jar, as reprefented Fig. 6^ by pafting fmall ^»l- •* ' 
pieces of tin-foil, at a little diftance from each other, 
round its exterior furface. As this jar is charging, fmall 
fparks will pafs from one piece of tin*foil to another, in 
a variety of direftions; the reparation of the tin-foil it 
the means of making the parage of the flnid, from the 
outfide of the jar to the table, vifible. Difcharge this 
jar, by bringing a pointed wire gradually near the brafa 
ball, and the uncoated part of the glafs, between the 
pieces of tin-foil, will be pleafantly illuminated, and 
make a crackling noife ; but if the jar is«di(charged fud« 
denly, the whole outfide furface will appear illuminate 
ed. The glafs muft be very dry to produce thefc appear* 
ances to the greateft advantage. 



How to make InfiammdkU Air that %tiiU take Fire bj the 
EUaric Spark. 

Procure two bottles, as reprefented A D, Fig. 8 ; in 
the bottle D put about 1& or 3 ounces of iron filings^ to 
which put fome oil of vitriol, mixed with four times ita 
quantity of water, fill the bottle A with water, and fix: 
the bended glafs-pipe C air-tight into the bottle D, and 
the other end a little way up the neck of the bottle A, 
and in a fhort time the mixture will boit, and emit z 
fluid, which will paft through the bended tube C into 

No. V. L the 
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the bottle A, and will at laft fill it ; expelling the water 
into the bafon B. The bottle A is then expeditiouflj 
corked up for ufe. 

The EUarical Plftol 

y. Is reprefented by a, b, c, d, e, Fig. 9; c, a, is made 

of thinbrafs; to the mouth a, b, a cork is fitted; and a 
perforated piece of brafs e, fcrews on the bottom of the 
piftol at c, having a glafs tube with a wire cemented in- 
to it, bended over the glafs tube, fo as to reach within 
one-eighth of an inch of the brafs ; when the piftol is to 
te charged uncork the inflammable air-bottle, likewife 
the piftol, and place the mouth of the piftol upon the 
top of the bottle, and the common air which is within 
the piftol will defcend while the other afcends ; keep the 
piftol in this fituation a few feconds, according to the 
ftrength of the inflammable air, then expeditioufly cork 
- both the bottle and piftol, and it is charged. To dis- 
charge it fill a fmall jar or a hollow handle, and apply it 
to the little knob of the wire e, it will then explode, and 
drive out the cork to a confiderable diftance, makinga 
report as loud as a piftol filled with gunpowder. 

The Conjiruaion of a Jimple Orrery put into Motion ij 
EkHricUy. 

Fig. I. THIS orrery is for fhewing the earth's motion round 

^^ ^' its axis in twenty-four hours, the age of the moon from 
change to change, and all her various phafcs during 
that time. A is the horizontal board or ftand of this 
machine, and B is the great wheel, with eighteen floats 
or wings for the eleftric ftrcam to aft upon^ and turn 

tba 
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tfic wheel according to the order of the letters abed. 
On the axis of this wheel is a trundle C, of eight ftaves, 
for turning the wheel F, of thirty- two teeth, on whofc 
axis is a trundle G, of eight ftaves, for turning the 
wheel H, of fifty-nine teeth, which will go once round 
in the time the great wheel A goes twenty-nine and a 
half. A little hollow globe D, reprefenting the earthy 
with its meridians, equator, tropics, polar circles, and 
poles^ is put upon the top of the axis of the great wheel 
A, and on the fame axis is an index E, which goes round 
a fmall dial-plate c of twenty-four hours, in the time 
that the earth D turns round. And an ivory balM it 
placed on the top of the axis of the wheel H, half black, 
half white, to reprefent the moon ; below which, on the 
fame axis, is an index K, which goes round a fmall plate 
k divided into twenty-nine and a half equal parts, for the 
days of the moon's age from change to change. So 
that, in the time the great wheel A, the earth D, and. 
hour-index E, make twenty-nine and a half revolutions^ 
the moon I and her index K make only one; and in 
th^t time, by ftiewing herfelf all round to the obfcrvers, 
they fee all her different phafes or appearances, like 
thofe of the teal moon in the heavens. 

Having fet the orrery near the prime conduftor^ Experi- 
place a crooked wire from the conduftor, fo as its point °*"^ ^^ 
may be even with the great wheel B, and tend to turn it 
in the direftion abed; turn the glafs globe of the 
cleftrical machine by the winch, and a ftream of fire will 
iffue from the wire to the wheel, and turn the whole of 
the moveable work ; by which means, the earth D will 
be turned round its axis^ from weft-by-fouth to caft : ^ 

a^d^ in fuch turn of the earth, the index E will go round 
La %n 
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• all the twenty-four hours on the dial plate e, « la tli^ 
time the earth and index turn 29I times round, the moon 
I, will turn once round her axis, (hewingall her various 
phafes; and the index K will go over all the 29I days 
of the moon's age on the plate K. 

J ModiUfa TVaUr-MtU turiud hj m Stnam ^fEbOrlc Ftn. 

Fig.«; A MODEL of a common mill for grinding corn* 

A is a water-wheel) B the cog-wheel on its axis^ C th« 
trundle turned by that wheel, and D the running mill- 
ftone on the top of the axis of the trundle. It may ealily 
be contrived and turned alfo by ele£tricity, if inftead 
of the round plate D for the mill-ftone, there be a hori- 
zontal wheel on the axis of the trundle C with fpur-cogs^ 
which will turn two trundles placed on itsoppofite fides; 
and on the top of each of thefe trundles axis, may be a 
round plate reprefenting a mill-ftone; fo that this modtl 
has all the working parts of a double water-mill, turn- 
ing two mill-ftones. 

Bxperiinent Set the mill near the prime conduAor, and place the 

* crooked wire fo as its point may be direfied toward the 

uppermoft fide of the great wheel A, Then turn the 

glafsglobe by the winch, and the ftream of fire that iiTues 

from the point of the wire will turn the wheel ; and con- 

• fcquently all the other working parts of the mill, 

4nothir Elenrical Omry^Jhewing the A&um ^JtU Sum^ 
Earth, and Moon. 

fig, J. THE fun and earth go round the common center of 

gravity between them in a folaryear ; and the earth and 
moon go round the common center of gravity between 

them 
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tibem in a lunar nfonth. Thefe modoos arc reprefciued 
by an eledrical experiment as follows : 

The ball S reptefents the fun, £ the earth, and M the 
moon, conncfted by wires a c and b d : a is the center 
of gravity between the fun and earth, and b is the 
center of gravity between the earth and moon. Thefe 
three balls and their connefting wires, arc hung and fup- 
ported on the fharp point of a wire A, which is ftuck 
upright in the prime conduftor B of the eledrical nu- 
chine; the earth and moon hanging upon the fharp point 
of the wire c a e, in which wire is a pointed fhort pin, 
fikking out horizontally at c ; and there isjuft fuch ano* 
ther ptn at ij fticking out in the fame manner, in the 
wire that coaneAs the earth and the moon« 

When the globe of the eleArical machine is turned, Experi- 
the above-mentioned balls and wires are eleftrified : and "*^ ^"^ 
the cledrical fire, flying off horizontally from the point 
c andd, caufe Sand £ to move round their common cen- 
ter of gravity a; and A and M to move round their com- 
mon center of gravity b. And as £ and M are light 
when compared with S and E, there is muchlefs fri^lion 
on the point b than upon the point a ; fo that £ and M 
will make many more revolutions about the point b, than 
S and E make about the poi nt a. The weights of the balls 
may be adjufted fo, that £ and M may go tweWe times 
round b in the time that S and £ go once round a. It 
makes a goodamufing experiment in ele£lricity ; but it 
is fo far from proving that the motions of the planets in 
the heavens are owing to a like oaufe, that it plainly 
proves they are not ^— for the real fun and planets are 
not connefted by wires or bars of metal ; and confe- 
quently there can be no fuch metallic points as c and d 

between 
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between them. And without fuch points, the eleftric 
fluid would never caufethem to move :, for, take away 
thefe points In the above mentioned experiment, and 
the balls will continue at reft^ let them be ever fo 
ftrongly eleftrificd. 



The Ekeirifad Capillary Syphon. 

^««^« LET, a fmall bucket of metal, full of water, be luf- 

pended from the prime conduftor, andputinit a glafs fy- 
phon, of fo narrow extremity as the water will juft drop 
from it. If in this difpolition of the apparatus the winch 
of the machine be turned, the water which, when not 
cleftrified, only dropt from the extremity of thefyphon, 
will now run in a full ftream, which will even be fubdi- 
vided into other fmallcrftreams; and if the experiment 
be made in the dark, it will be beautifully illuminated, 
and like a fountain with ftreams of fire; which may be 
made to ftop apparently by the word of command, by 
touching the prime conduftor. 



The ^adrant Electrometer. 

I^«- 4» The only inftrument that can with propriety be cal* 

led an eleftrometcr; that is, fuch as meafuresthe precife 
degree to which any body is eleftrified, is as follows : A • 
is a very light rod, that turns on the center ot a femi- 
circle B, fo as always to keep pretty near its gra<Juatcd 
limb : at the extremity of the rod is a cork ball C. D 
is the pillar that fupports the rod, and may be either fixed 
to the prime condudor, or let into the brafs knob of .a 
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jar or battery, or be fct on a ftand to fupport itfclf • The 
whole inftrument may be made of wood or ivory; but is 
found moftperfeft when the pillar and rod, or index, arc 
of box, made very fmooth with emery paper : the ball of 
cork, and the femicircle ivory, as the divifions oa that 
are more legible than on wood. 

The moment this inftrument begins to be eleftrified, 
the rod is repelled by the pillar, and confequcntly be- 
gins to move over the edgcof the femicircle, and Ihews, 
to the greateft precifion, the degree to which the prime 
conduftor is ckarified ; or how high any jar or battery 
is charged. As the materials of which this inftrument 
is made are very imperfeft conduftors, it will very rarely 
diftipate any of the eleftricity of the prime conduAor, 
&c. with which it is connefted : but if it be found, by a 
.trial in the dark, that any part of it collefts the eleftric 
matter, it muft be placed before the fire to dry off the 
damp, particularly from the index ; it (hould not how- 
ever be much heated, for then it will not receive the 
eleftricity ready enough, and the motion of the index 
Xvill not anfwer with fufBcient accuracy to the degree 
of eleftricity in the body with which it is in contacft: 
but this inconvenience may be eafily remedied by moif- 
tcning the pillar and the index ; for the femicircle can 
never be too dry. 

It is evident, from the conftruftion of this inftrument, 
that the force of different cxplofions may be afcertaincd 
by it, before the dilcharge, with the ^^reateft accuracy. 
If a jar be charged with pofitivc eleftricity, and you 
want to know the precife time, while you are attempting 
to charge it negatively, that it becomes dilbharged, 
watch the moment the index comes to thepcJ-pendicular 
ftation, which may beobfcrved without the Icaft danger 

of 
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of a miftake, and you will then find there is not the Ieaf( 
fpark left in the jar. If you continue the operation, the 
index will begin to advance again; and diereby fhew 
the cxaA quantity of the oppofite eleftricity the jar has 
acquired. 



Avery ufeful tnftruftunt i^ cure the Teotb- Ab. 

THE inftrument A isaflatfquarc piece of box-wood^ 
about an inch broad, and a quarter of an inch thick: two 
longitudinal holes are made quite through it, near its op* 
poilte edges, through which the brafs wires a b c and d 
e fare put while they areftraight ; then fixed with fcal- 
ing-wax, and bent its in the figure, fo as to receive thci 
tooth and gum between their points cand f, which muft 
not be made too Iharp for fear of hurting the gum. 
When it is ufed, two chains g and h muft be hooked to 
the other ends of the wires, and holding it on the gum^ 
with the tooth between the ends ofc and f ofthe wires a 
be and d e f, hook the chains jg and h on the other ends 
of thefe wires; put the other end of a chain g round the 
bottom of a jar, and caule an afliftant to hold the cham 
h, hanging down from his hand; the chains not 
touching one another, and both of them clear ofthe ta- 
ble. Then having charged the jar, defire the afiiftant to 
ftrikc the prime conduftor with the loofe end of the 
chain h ; this will difcharge the jar, and give the perfon 
a fliock, which will be felt only in the tooth and gum 
that is taken in between the wires at c and £» ' 
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PraHical Rules concerning the Ufe of the EleSIrical jfpparatusy 
and the performing of Experiments. 



IT often happens that young eleftricians are at a lofs 
to aflign the rcafon why fome experiments do not fuc- 
ceed with them, as defcribed in the Treatifes on Eleftri- 
city. Sometimes they are in pofleflion of very good in- 
ftruments; but by reafon of fome circumftance or other, 
unattended to, they are quite ufelefs in their hands. 
This indeed can be remedied by nothing but praflicc ; 
arid it is by long ufe that the eleftrician, as well as the 
praftitioner in any art or fcience, becomes fo good an 
operator, as to ufe his inftruments to the beft advantage. 
A few rules are however very neceffary to guide him in 
his operations ; and although thefe alone are infufficient 
to make a perfon a complete practical eleftrician, yet, 
when accompanied with the adlual management of the 
apparatus, they facilitate the ufe of it, and render the 
performance of the experiments more accurate and ex- 
peditious. 

The firft thing that the young eleftrician fliould ob- 
ferve, is, the prefervation and care of his inftruments. 
The cleGrical machine, the coated jars, and in fhort, 
every part of the cleftrical apparatus, fliould be kept 
clean, and as free as poffible from duft and moifture. 

When the weather is clear, and the air dry, efpecially 
in clear and frofty weather, the eleftrical machine will 
always work well : But when the weather is very hot, 
the machine is not fo powerful ; nor in damp weather. 

No, VI, M except 
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except it be brought into a warm room, and the cylin- 
der, the ftands, the jars, &c. be made thoroughly dry. 

Before the machine is ufed,i the cylinder fhould be 
firft wiped very clean with afoft linen cloth that is dry, 
clean, and warm ; and afterwards with a clean hot flan- 
nel, or an old filk handkerchief; this done, apply a little 
amalgam, and turn the winch, and it will foon be per- 
ceived that the eleflric fluid will come like a wind from 
the cylinder to the Icnuckle ; and, if the motion be a lit- 
tle continued, fparks and crackling will foon follow. 
This indicates that the machine is in good, order ; and 
the eleftrician may proceed to perform his experiments. 
But if, when the winch is turned for fome time, no wind 
is felt upon the knuckle, then the fault is, very likely, in 
the rubber; and to remedy that, ufe the following di- 
reftions : By unfcrewing the fcrews on the back of the 
rubber, remove it from its glafs pillar, and keep it a lit- 
tle near the lire, fo that its filk part may be. dried : take 
now a piece of dry mutton fuet, or a little tallow from 
the candle, and juft pafs it over the leather of the rubber, 
and then the machine cannot fail but be fit for ufc. '■' 

Sometimes the machine will not work well, becaufe 
the rubber is not fufficiently fupplied with eleftric fluid ; 
which happens when the table upon which t!ie machine 
ftands, and to which the chain of the rubber is conned- 
ed, is very dry, and confequently in a bad conducing 
ftate. Even the floor and the walls of the room arc, 
in very dry weather, bad conduftors, and they cannot 
fupply the rubber fuflicicntly. In this cafe the befl: ex- 
pedient is, to conneft the chain of the rubber by means 
of a long wire, with fome moift ground, or with the 
iron-work of a water-pump ; by which means the rub- 
ber 
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ber will be fupplied with as much eleftric fluid as is re- 
quired. 

When a fufEcient quantity of amalgam has been ac- 
cumulated upon the leather of the rubber, and the ma- 
chine does not work very well, then, inftead of putting 
more amalgam,* it will be fufficient to take the rubber 
off, and to fcrape a little off that which is already upon 
the leather. 

It will be often obfervcd, that the globe or cylinder, 
after being ufed fome time, contrafts fome black fpots, 
occafioned by the amalgam, or fome foulnefs of the 
rubber, which grow continually larger, and greatly ob- 
ftruft its.eleftric power. Thefe fpots muft be carefully 
taken off, and the cylinder muft be frequently wiped, 
in order to prevent its contrafting them. 

In charging eleftric jars in general, it muft be obfcr- 
ved, that every machine will not charge them equally 
high. That machine whofe eleftric power is the 
ftrongeft, will always charge the jars highcft. If the 
coated jars, before they ar^ufed, be made a little warm, 
they will receive, and hold the charge the better. 

If feveral jars are connefted together, among which 
there is one that is apt to difcharge itfclf very foon, then 
the other jars will alfo be foon difcharged with that ; 
although they may be capable of holding a very great 
charge by themfelves. When eleftric jars are to be 
difcharged, the eleftrician muft be cautious left, by 
fome circumftancc not adverted to, the fhock fhould 
pafs through any part of his body ; for an unexpefted 
fhock, though not very ftrong, may occafton feveral dif- 
agreeable accidents* In making, the difcharge, care 

M % muft 
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muft be taken that the difcharging rod be not placed on 
the thinneft part of the glafs ; for that may caufe the 
burfting of the jar. 

When a large battery is difcharged, jars will be often 
found broken in it, which burft at the time of the dit* 
charge. To remedy this inconvenience take this me- 
thod ; which is, Never to difcharge the battery through 
a good conduftor, except the circuit be at leaftfive feet 
long. Mr. Nairne fays, that ever fmce he made ufe of 
this precaution, he has difcharged a very large battery 
near a hundred times, without ever breaking afingle jar; 
whereas before, he was continually breaking them. But 
' here it muft be confidered, that the length of the circuit 
weakens the force of the Ihock proportionably ; the 
higheft degree of which is in many experiments re- 
quired. 

Jt is advifeable when a jar, and efpecially a battery, 
has been difcharged, not to touch its wires with the 
hand before the difcharging rod be applied to its fides a 
fecond, and even a third time ; as there generally re- 
mains a refiduum of the charge : this refiduum is occa- 
fioned by the eledricity, that, when the jar is charging, 
fpreads Itfelf over the uncoated part of the glafs near the 
coating, which will not. be difcharged at firft, but grad- 
ually returns to the coating after the firft difcharge, 
which is fometimes very confiderable. 

When any experiment is to be performed, which re- 
quires but a fmall part of the apparatus, the remaining 
part of it Ihould be placed at a diftance from the ma- 
chine, the prime conductor, and even from the table, if 
that is not very large. Candles, particularly, Ihould be 
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placed at a confiderable diftance from the prime; con- 
duSor ; for the effluvia of their flames carry off much of 
the elefitric fluid, 

Laftly, The young eleftrician fhould be cautioned 
not to depend on firft appearances in eleftricity, A new 
phenomenon may juftly excite his curiofity : it is laud- 
able to remark it, and to purfue the hint ; but at the 
fame time even the doubtful aflertion of a new fa£t 
Ihould never be made, till after a number of fimilar and 
concurring experiments. Eleftricity is a fciencc that 
often deceives the fenfes; and the moft experienced 
eleftrician frequently finds' himfelf miftaken in things, 
which perhaps he may have before confidered as the 
moft certain. 

In many eleftrical experiments, it is very convenient Plate VL 
to have a method of determining, whether a fmall de- *^' "' 
gree of ekftricity be pofitive or negative ; and in ufing 
large batteries, it'is a matter of confequence to know 
how the charge advances, and of what flrength it is. 
Mr. Canton's balls are extremely ufeful for both thefe 
purpofes. They are made of the pith of elder, turned 
perfeftly globular, and fufpended from the conduftor 
by fine threads. 

To underftand the ufe of them, fuppofe a jar or bat- 
tery ftands upon the table, and I want to know whether 
the infidebe charged pofitlvely or negatively. In order 
to this, I prefent the balls, and they are immediately at- 
trafted by the wire, and diverge from one another. This 
is common, to both eleftrlcities; and the greater the dif- 
tance to which the balls feparate, and the farther they 
repel one another, the higher is the charge. To deter- 
mine 
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mine of what kind it is, I rub a fmall piece of glafs 
(which I carry about me for the purpofe) againft my 
hand or coat, which I know will excite it pofitively. and 
then prelent it to the balls in their diverging ftate*. If it 
makes the balls converge, and confequently avoid the 
glafs, it fhcws that they are eleftrified pofitively, as well 
as the glafs. On the contrary, if it increafe their di- 
vergency, and attraft them, it fliews their eleflricity to 
be of a kind oppofite to that of the glafs; that is, nega- 
tive. And it muft be remembered, that the eleftricity- 
of the balls (which do not touch, or receive any cleftri- 
city from the wires of the jar or battery) is always con-* 
trary to that with which they are charged ; for. all bo- 
dies placed within the influence of eleftrilied bodies, are 
affected with the contrary ele£lricitj\ 

In order to afcertain the kind of an exceeding fmall 
degree of eleftricity, it will be convenient to have a very 
light body ; as a piece of downy feather hanging by. a 
filken thread. This light body, when it is onceeleftri- 
fied, either pofitively or negatively, will retain its virtue 
a long time, wuth very little lofs. If then any body (the 
eleftricity of which is unknown) be brought to it, the 
feather wdll be repelled by it, if it be of the fame kind 
with its own, and attrafted if it be the contrary to it. 
The filk, by which it is fufpended, (hould be a fingle 
thread, as it comes from the worm ; or at Icaft a very 
lew of thofe threads ; and the w^hole flioulJ be as light 
as pofliblc. 

The Ele^rophorus. 

It confifts of two plates, A and B, made of a circular 
form, from fix to eighteen inches diameter, or upwards. 
The upper plate is generally made of brafs ; but a tin 
plate, with a wife turned in upon its edge, will anfwer 
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exceeding well. At the center of this plate there is a 
focket o, in which a glafs handle I (nine or ten inches 
long) is fixed. A thin board, covered with tin-foil 
and fufpended by filken firings, will anfwer well, when 
the eleftrophorus is wanted of a large diameter. 

The under plate may'be made of glafs, fealing-wax, 
or of the following compofition, viz. Four parts rofin, 
three parts pitch, three parts lliel-lac, two parts Venice- 
turpentine, metted together over a gentle iire. It may 
be poured and fpread upon a thin linen cloth about one- 
fourth of an inch thick. The linen cloth muft be 
ftretched upon a hoop, and made as tight as poffible. If 
the furface be a little rough, it will be no worfe. 

The manner of ufing this machine is as follows : — 
Rub the coated fide of the under plate A with new fine 
flannel, or a hare or cat's ikin ; and when it is excited as 
much as poffible, fet it on a table, and place the upper 
plate upon it, and put your finger on the upper plate : 
then take your finger ofFand take hold of the top of the 
glafs handle I, and apply it to the knob of a coated jar. 
Repeat this operation for 30 or 40 times, and the jar 
will become charged.- 

Mr. Cavallo mentions one of the above kind which 
he made, with which he charged a coated phial fevcral 
times (by once exciting) fo ftrong as to pierce -a hole 
through a card at every difcharge. 

When a glafs is coated with fcaling-wax, after it is 
excited and laid with the waxed fide downward, and the 
glafs uppermoft, then on making the ufual experiment 
of putting the metal plate on it, and taking the fpark, 

ice. 
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&€• it will be attended with contrary electricity to what 
it had before. 

Medical Eletlricity. 

BEFORE we conclude the fubjeft, it will be necef- 
fary to give lome rules, in order to explain a few prac- 
tical experiments of applying medical eleftricity : and 
firil, It fhould be attentively obferved, to apply tfac 
fmalleft force of eleftricity, which may be fufEciei^t to 
remove or alleviate any diforder. The chief difficulty 
confifts in diftinguifhing the proper ftrength of the 
eleftric power that is required for a given diforder. The 
fex and condition of the patient muft be duly confider- 
ed ; and, in regard to this point, it is iaipoffible to give 
any exaft and invariable rules ; the circumftances being 
of fuch a nature, and fo various, that long experience, 
and a ftrift attention to every particular phenomenon, 
are the only means by which proper inftruftipns may be 
received. The fureft rule that can be given relating to 
this particular, is to begin with the moft gentle treat- 
ment; at leaft fuch that, confidering the conftitution 
of the patient, may be thought rather weak than ftrong. 
When this gentle treatment has been found inefFefhial 
for a few days, which is denoted by the difeafe not 
abating, and the application of eleftricity not caufing 
any material alteration, then the operator may grad- 
ually increafe the force of eleftricity until he finds the 
proper degree of it. 

In judging of cafes proper to be eleftrlfied, experience 
fhews, that in general, all kinds of obftruftions, whether 
of motion, of circulation, or of fecretion, are very often 
removed or alleviated by cledtricity. The fame may 
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alfobe faid of nervous diforders ; both which include a 
great variety of difeafes. The application of cleftricity 
has alfo been found very beneficial in difeafes of a long 
Handing. It has likewife been found a powerful remedy 
in mufcular contractions. But when any limb of the 
body Is deprived df motion, it muft be obferved, that 
the deprivation of motion is not always originated by at 
contradlion of the mufclei ; but that it is often occa- 
fioned by a relaxation : thus, for Inftance, If the hand 
is bent inwardly, and the patient has no power of 
ftraightening it, the caufc of it may be a weaknefs of 
the outward mufcles, as well as a contraftion of the in- 
Ward ones. In ftch cafes it is often difficult, even for 
good anatomifts to difcover the real caufe; but the fureft 
/method is to eleftrlfy, not only thofe mufdcs which are 
fupppfed to be contrafted, but alfo their antagonifts j 
lor to ele&rify a found mufcle is by no means hurtful. 

Rheumatic difordersj even of long ftanding, are re- 
lieved, and generally quite cured, by only drawing the 
cleftric fluid with a point from the part, or by drawing 
fparks from the conduftor : the operation fhould be 
continued for about four or five minutes, repeating it 
once or twice every day. When ftrong (hocks are ad- 
minifteredj their greatcft nuniber fhould not exceed a 
dozen or fourteen, except when they are. to be given to 
the wholc'body in different direftions. 

The inftrumcnts which, befides the elearical ma- 
chine and its prinie conductor, are neceiTary for the ad- 
miniftratidn of medical eleftficity, may be reduced to 
three, vi^. an clcftric jar, with Mr. Lane's eledrometcr; 
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an infulated chair, or an infulated ftool, upon which a 
common chair may be occafionally fet, and the direftors# 

Fig- ^ Reprefcnts the eleftric jar, with Mr. Lane's cleQ:ro- 

meter, and the manner in which the Ihocks are fent thro* 
any part of the body. The farface of the jar, which is 
coated with tinfoil, fhould be about four inches in dia- 
meter, and fix inches high, which is equal to about fe- 
venty-three fquare inches. The brafs wire, which paiTes 
thro' the covering of the jar, and touches the infidc coat- 
ing, has a brafs ball F, to which the eleftrometcr FDE 
is fattened : and proceeding a little farther up, termin^ 
ates in another brafs ball B, which Ihould be fo high as 
to touch the pripie conduflor A, which is fuppofed to 
ftand before the eleftrical machine. The eleftrometer 
confifts in a glafs ftick, F D, cemented to two brafs 
caps, F and D ; from the latter of which a ftrong per- 
' . pendicular brafs wire proceeds, the extremity of which 
comes as high as the center of the ball By and is furnjifli- 
ed with an horizontal fpring fockety through which the 
wire C E, having the brafs ball C at one end, and the 
Open ring E at the other, may be Hided backwards and 
forwards, fo as to fet the brafs ball C at any required 
diftance from the ball B. This diftance, at moft, need 
not be greater than half an inch ; hence the eleftrometer 
may be made very fmall. Sometimes fmall divifions arc 
marked upon the wire C E, which ferve to fet the balls 
B and C at a given diftance from one another with more 
readinefs and precifion. Now, fuppofe that the jar is 
fet contiguous to the prime conductor ; that is, with 
the ball B touching thie conduftor ; that the ball C be let 
at i-ioth of an inch diftantfrom the ballB; and that, 
by means of a chain, a condufting communication be 
formed from E to the outfide coating of the jar, by a 

chain 
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chain X. In this cafe, if the eleftrical machine be put 
in motion, the jar will be charged ; and when the charge 
is fo high as that the eleftric fluid accumulated within 
the jar can leap from the ball B to C, which we have 
fuppofed to be i-ioth of an inch afundcr, the difcharge 
will happen, and a fparl^ appear between the faid balls, 
and the (hock paffes through the chain x : for the part 
F D of the eleftrometer being of glafs, generally cover- 
ed with fealing-wax, is impervious to eleftricity, confe- 
quently the eleftric fluid has no other way through 
which it can pafs from the infide to the outfide of the 
glafs jar. When the fhocks are to be given with this 
apparatus to any particular part of the body (for in- 
ftance, to the arm) then, inftead of the chain x, which 
mufl: now be taken away, two flender and pliable wires, 
EL, IL, are to be f;jftened, one to the open ring E of 
th^ electrometer, and to tl^e b^afs hook I of the ftand 
H;I, which communicates with the outfide coating of 
the jar. If the jar has not the ftand H I, the extremity 
I of the wire I L may be fimply refted under, or may be 
tied round it. In fhort, it muft be put in contaft with 
the outfide coating of the jar, in any convenient manner. 
The other extremities of the faid wires are fattened each 
to the brafs wires L, and L of 4:he direftors K L, K L. 
Each of thofe inftruments, juftly called direftors, con- 
fifts of a knobbed brafs wire L, which by means of a 
brafs cap is cemented to the glafs handle K. The ope- 
rator, holding them by the extremity of the glafs handle, 
brings their balls into contaft with the extremities of 
that part of the body of the patient through which he 
defires to fend the fhock. The management and conve- 
nience of this apparatus are eafily comprehended by 
infpefting the figure ; for when the machine is in mo- 
tion, and the apparatus, &c. is fituated as in the figure, 
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the difchargc of the jar muft be evidently made through 
that part of the patient's arm which lies between the 
knobs of the direftors ; and the operator, whilft an ^ffifl- 
ant keeps the machine in motion, has nothing more to 
do but to hold the knobs of the direftors to the extremi- 
ties of the arm, or to any other part of the body that is 
required to be thus eledlrified ; ahvays taking care l^at 
the two wires EL, I L, do not touch each other, be- 
caufe in that cafe the Ihock will not pafs through that 
part of the body which is required to be ele6irified. 
Thus any number of fliocks, precifely of the fame 
ftrength, may be given, without altering any part of 
^e apparatus, or having any farther trouble : and when 
the flrength of the fliocks is required to be diminifhed 
or increafed, it is only neceflary to diminifli or augment 
the diftance between the balls B C; )vhich is done by 
flipping the wire C E forwards or backwards through 
the fpring focket that holds it. 

It is aliiv)fl: needlefsto mention, that when fhocks are 
adminiftered, it is immaterial whether the patient ftands 
upon the ground, upon the infulating flool, or in any 
pther fituation whatever. Neither is it always neqeffary 
to remove the clothes from the part that is to be cleftri- 
fied, in order to let the knobs of the direftbrs touch the 
ikin ; for, except the coverings be too maqy and too 
thick, in which cafe part of them at leaft fhould be re* 
moved, the fliocks will go through them very ealily, ef- 
pecially if tlie knobs of the directors be preffcd a little 
upon the part. 
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Of the Technical Terms u/edhy Writers on the Subji^ of 

Ele^ricity. 

BATTERY, fi^^nVtf/, a number of jars comfiincd Plate Wi 
together, fo that they ipay be all charged atf difcharged 
at the fame time. The form of one is exhibited. 
Fig. 12. 

Charging^ throwipg an additional quantity of cleftric 
matter upon one fide of a plate of glafs, or a jar, whilq 
the other fide is exhaufted in the fame proportion. All 
other eleftricfubftc^nces are capable of being charged a% 
\vell as glafs. 

Circuity eleBricy thofe condufting fubftances which arc 
made ufe of to form a communication between the two. 
costings of a charged jar or battery, &©* and through 
which the eleftric matter muft pafs, when the equili- 
brium between the two fides is reftored by the difcharge^ 

CoathgSy plates of metal, or other condufting fub- 
ftances, laid upon plates of glafs, or other eleftrics, 
whereby the additional quantity of eleflric matter, 
called the charge^ may be the more eafily and uniformly 
<:qnveyed to them, or difcharged from them, 

ConduHor^ prime^ a piece of metal furnifhed with points, 
to receive eleftric matter from the globe, after it has 
been excited by friftion. It muft always be infulated, 
or cut off frqm a communication with the earth by 
means of ekariq fubftances, fuch as glafsy baked wood^ 

&c. 
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&c. Whenever the ccnduBor is mentioned, the prime 
condttftor muft alfo be underftood. 

Condu3ors^ or conducing fuhjiances^ thofe bodies thro' 
which the eleftric matter may be tranfmitted. They 
are alfo called non-eleftrics, becaufe no cleftric powers 
i:an be excited in them by friftion. 

Difcharging^ reftoring the equilibrium of the ele£lric 
fluid, after it has been difturbed by charging. It is ef- 
fefted by forming a communication between the over- 
loaded and the exhaufted fide of a glafs jar, battery, &c. 
by means of condufting fubftances, through which the 
overplus or charge may pafs from the one to the other. 
When the difcharge is cpnfiderable, it is.often called an 

Dijcharging rody a brafs rod, with a knob at each end, 
very convenient either for taking fparks from the prime 
conduftor, or for difcharging jars or batteries. It is 
.fgmetimes bent into a femicircular form, in order to 
bring one of the knobs to the outfide, and the other to 
the wire, communicating with the infide of a charged 
jar, in order to difcharge it, by receiving the explofion 
qn t;he knob^ 

EleHric matter^ that fubtle fluid which is fuppofed to 
be the caufe of all thofe appearances which are termed 
cleftric. It is fpmetime^ called ekHric fircj and fome- 
times ether. 

Ele^rlcsy thofe bodies ip whiph ^lefljric powers of ^t- 
traflion, repulfion, &c. may be excited by fri£lion. 
Tl^ey are alfo called non-condu^ors^ becaufe the eleftric 
piatter cannot pafs through them. 

Elenrometers^ 
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EUnrtmetersy inftniments to meafure the degree of 
'cieftrification ; that is, the quantity of eleftric matter 
thrown upon any body, or the force of an eleftrical ex- 
plofion. * 

Excitation^ tl\e aft of exciting or calling forth eleftric 
powers from eleftric fubftanccs, by means of friftionj 
and other methods. 

Infulatingy placing bodies where they are not in con- 
taft with any condufting fubftance ; as by fufpending 
them in the air by filken firings, putting them on glafs 
Hands, &c. fo that the eleftricity they may be charged 
with cannot be conveyed to the earth, 

'' Negative E!e£incityyz\c{s quantity of the electric mat- 
ter than is natural to any body. 

Pencil, the ^ appearance of electric light iffuing from 
the point of a body electrified pofitively. 

fofitive EleBricityi a quantity of electric matter thrown 
upon any body, above its natural fhare. 

Rubier^ or cu/hion^ a piece of leather, or any other 
fubftance againft which the glafs globe, or other electric 
body whirled in the machine, is rubbed, in order to ex- 
cite them. 

Shochy eleHricy the convulfion given to the animal 
^mufcles by the paflage of the eJectric matter through 
^them, efpecially in the difchargijog of a jar or battery. 
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Star, the appearance of electric light from the poini 
of a body electrified negatively, 

fflre of a phiaU ajafy or battery^ the wire or metal rbd 
Ivhich goes into the phial, and which touches the infide 
toating. This wire is therefore often put for the infide 
coating* 

Two Methods to mate Amalgam. 

FIRST, take fpeltcr four ounces, and diffolve it in a<i 
iron ladle over a fire ; let it cool a little, but not fo as 
to become quite ftifF: add to it, while in that ftate, fix 
ounces of mercury, and ft ir them well up together ; then 
turn it put of the ladle upon a fmooth ftone, and grind it 
with a mullel* till it becomes like fine toilgh pafte ; 
. which put into a box, and it is ready for ufe. If it 
ihould become too hard, grind it again with a littler 
more mercury : the addition of a little tallow may be 
Occafionally added* 

The Second Method. 

TAKE of tin one pound ; flour of fulphur fcven 
ounces ; fal ammoniac and purified quickfilver, of each 
half a pound. 

Melt the tin by itfelf, add to it the quickfilver, and 
tvhen the mixture is grown cold reduce it into powder i 
mix this with the fulphur and fal ammoniac, and fubli- 
mate it in a matrafs : the mofaic gold will be found 
tinder the fublimated matter, with fome drofs at the hot* 
torn. This is thought as powerful an amalgam as the 
former. 

A Com-- 
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A Compojition for lining the Injide of Globes or Cylinders. 

TAKE four parts of Venice turpentine, one part of. 
rofin, and one of bees-wax, boil the whole over a gentle 
fire for two hours, and it is fit for ufe. When a globe 
or cylinder is to be lined, it muft be put into an oven, 
with a fufficient quantity of the compofition, broken, 
and put in the infide, and when it is melted it muft be 
turned round every way, in order to fpread it all over 
equally. This lining has been found to increafe the 
eleftric power amazingly. Mr. Prieftly ufed linfeed oil 
and rofin in the fame manner as above direfted, the pro- 
portion was equal parts of each, boiled very well toge- 
ther 

AVarniJhfor all the Parts of the Machine which are infulated. 

TAKE fpirits of wine, highly reftified,'and in it 
diffolve the beft fealing-wax to a tolerable ftifFconfift- 
ence, with which varnifh over all your glafs pillars, to 
keep ofFthe^moifture they attraft from damp air; 
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PNEUMATICS is that branch of natural philofo- 
phy which treats of the nature, weight, prcfliire,' 
and elafticity of air, and the efFefts arifing therefrouu 

Of the Pr opertUs of the Air. 

THE air is that thin tranfparent fluid in which we 
live and breathe. It encompaffes the whole earth to a 
confiderable height ; and, together with th^ clouds and 
vapours that float in it, it Ts called the atmoffhere. The 
air is juftly reckoned among the number of fluids, be- 
caufe it has ill the properties by which a fluid is diftin- 
guiflied ; for, it yields to the leaft force imprefled, its 
parts are eafily moved among one another, it prefles ac- 
cording to its perpendicular height, and its preflurc is 
every way equal. 

That the air is a fluid confiding of fuch particles as 
have no cohefion betwixt them, but eafily glide over 
one another and yield to the flighteft impreflion, appears 
from that eafe and freedom with which animals breathe 

in 
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in It, and move through it without any difficulty or 

fenfible refiftance. 

But it differs from all other fluids, in the four follow- 
ing particulars : i. It can be comprefTed into a much 
iefs fpace then what it naturally pofTefTeth. 2. It cannot 
be congealed or fixed, as other fluids may. 3. It is of 
a difFerervt denfity in every part upward from the earth's 
furface, decreafing in its weight, bulk for bulk, the 
higher it rifes; and therefore mufl alfo decreafe in den- 
fity. 4. It is of an elaflic or fpringy nature, and the 
force of its fpring is equal to its weight. 

That air is a body, is evident from its excluding all 
other bodies out of the fpace it pofTcfTes : for, if a glafs 
jar be plunged with its mouth downward into a vefTel 
of water, there will but very little water get into the 
jar, becaufe the air, of which it is full, keeps the water 
out. 

As air is a body, it mufl needs have gravity or weight ; 
and that it is weighty, is demonflrated by experiment. 
For, let the air be taken out of a vcfTel by means of the 
air-pump, then having weighed the vefTel, let in the air 
again, and upon weighing it when refilled with air, it 
will be found confiderably heavier. Thus a bottle that 
holds a wine quart, being emptied of air and weighed, 
is found to be about 16 grains lighter then when the air 
is let into it again; which fhews that a quart of air 
weighs 16 grains. But a quart of water weighs 1462 1 
grains : this divided by 16 quotes 914 in round num- 
bers ; which fhews, that water is 914 times' as heavy as 
air near the furface of the earth. 
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As the air rifes above the earth's furface, it grows 
rarer, and confequently lighter, bulk for bulk ; for fince 
it is of an elaftic nature, and its lowermoft parts are 
preffed with the weight of all that is above them, it is' 
plain that the air muft be more denfe or coinpaft at the 
earth's furface than at any height above it ; and ^gradu- 
ally rarer the higher up. For the denfity of the air is 
always as the force that compreffeth it : and therefore, 
the air toward the upper part of the atmofphere being 
ids preffed than that which is near the earth, will ex- 
pand itfelf, and thereby become thinner than at the 
earth's furface. 

Dr. Cotes has demonftrated, that if altitudes in the 
air be taken in arithmetical proportion, the rarity of 
the air will be in geometrical proportion. For inftance, 
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And hence it is eafy to prove by calculation, that a 
cubic inch of fuch air as we breathe would be fo much 
rarefied at the altitude of ^oo miles, that it would fill a 
fphere equal in diameter to the orbit of Saturn. 

The weight ar preflure of the air is exaftly determi- 
ned by the following experiment : • 

Take a glafs tube about three feet long, and open at 
one end ; fill it with quickfilver, and, putting your fin- 
ger upon the open end, turn that end downward and im- 
merfe it into a fmall veffel of quickfilver, without letting 
in any air : then take away your finger, and the quick- 
filver will remain fufpended in the tube 29I inches 
^ove its furface in the veffel ; foq;ietimes more and at 
other times lefs, as the weight of tlie air is varied by- 
winds and other caufes. That the quickfilver is kept 
up in the tube by the preffure is evident; for if the ba- 
fon and tube be put under a glafs, and the air be then 
taken out of the glafs, all the quickfilver in the tube 
will fall down into the bafon, and if the air be let in 
again, the quickfilver will rife to the fame height as be- 
fore. Therefore the air's preffure on the furface of the 
earth, is equal to the weight of 19I inches depth of 
quickfilver all over the earth's furfacbe, at a mean rate* 

A fquare column of quickfilver, 29I inches high, 
and an inch thick, weighs juft 15 pounds, which is equal 
to the preffure of the air upon every fquare inch of the 
earth's furface ; and 144 times as much, or 2160 pounds 
upon every fquare foot, contains 144 fquare inches^ 
At this rate a middle-fized man, whofe furface may be 
about i^^fquare feet, fuftains a preffure of 30240 pounds 

^when 
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when the air is of a mean gravity ; a preffure which 
would be infupportable and fatal to us, were it not equal , 
on every part, and counterbalanced by the fpring of 
the air within us, which is difFufed through the whole 
body, and re-a£ts with an equal force againft the out- 
Ward preffure. 

Now, lince the earth's furface contains 200,000,000 
fquare miles, and every fquare mile 27,876,400 fquarc 
feet, there muft be 5,575,680,000,000,000 fquare feet 
on the earth's furface ; which number multiplied by 
2160 pounds (the preffure on each fquare foot) gives 
*i 2,043,468,800,000,000,000 pounds for the preffuref or 
weight of the whole atmofphere. 

When the end of a pipe is immerfed in water, and 
the air is taken out of the pipe, the water will rife in it 
to the height of 33 feet above the furface of the water in 
which it is immerfed ; but will go no higher : for it is 
found, that a common pump will draw water no higher 
than 33 feet above the furface of the well ; and unlefs 
the bucket goes within that diftance from the well, the 
water will never get above it. Now,, as it is jhe pref- 
fure of the atmofphere on the furface of the water in the 
well that caufes the water to afcend in the pump, and 
follow the pifton or bucket when the air above it i« 
lifted up, it is evident, that a column of water 33 feet 
high is equal in weight to a column of qiiickfilver of 
the fame diameter, 29I inches high; and to as thick a 
column of air, reaching from the earth's furface to the 
top of the atmofphere. 

In ferene calm weather, the air has weight enough to 
fupport a column 31 inches high; but in tempeftuous 
ftormy weather, not above 28 inches. The quickfil- 

ver 
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vtv thus fupported in a glafs tube, is found to be a nice 
counterbalance to the weight or preflure of the air, and 
to ftiew its. alterations at different times. And being 
now generally ufed to denote the changes in the weight 
of the air, and of the weather confequent upon them, it 
is called the barometer, or weather-glafs. — See the con- 
flruftion and ufe of the birometer, p. 129 of the Intro- 
duftion of Ufeful Knowledge. 

The preflure of the air being equal on all fides of a 
body expofed to it, the fofteft bodies fuftainthis preffure 
without fufFering any change in their figure ; and fo do 
the moft brittle bodies without being broke. 

. The air is rarefied, or made to fwell with heat; and 
of this property, wind is a neceflary confequence. For 
when any part of the air is heated by the fun, or other- 
wife, it will fwell, and thereby afFeft the adjacent air; 
and fo, by various degrees of heat in different places, 
there will arife various winds. 

When the air is much heated, it will afcend towards 
the upper part of the atmofphere, and the adjacent air 
will rufh in to fupply its place ; and therefore, there will 
be a ftream or current of air from all parts towards the 
place where the heat is. And hence we fee the reafon 
why the air ruflies with fuch force into any place 
where a great fire is made. And alfo, why fmoke is 
carried up a chimney, and why the air^rufhes in at the 
key-hole of the door, or any fmall chink, when there 
is a fire in the room. So we may take it in general, 
that the air will prefs towards that part of the world 
where it is moft heated. 
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Upon this principle we can eafily account for the trade-' 
winds, which blow conftantly from eaft to weft about 
the equator ; for, when the fun (bines perpendicularly 
. on any part of the earth, it will heat the air very much 
in that part, which air will therefore rife upward, and 
when the fun withdraws, the adjacent air will rufll 
in to fill its place ; and confequcntly will caufe a ftream 
or current of air from all parts towards that which is 
moft heated by the fun. But as the fun, with refpeft to 
the earth, moves from eaft to weft, the common courfc 
of the air will be that way too ; continually, preffing 
after the fun; and therefore, at the equator^ where the 
fun ftiines ftrongly, there will be a continual wind 
from the eaft ; but on the north fide, it will incline a 
little to the north, and on the fouth fide to the fouth. 

This general courfe of wind about the equator, is 
changed in feveral places, and upon feveral accounts; 
as, I. By exhalations .that rife out of the earth at certain 
times, and from certain places ; in earthquakes and vol- 
canoes. 2. By the faying of great quantities of rain, 
caufing thereby a fudden condenfation or contradion of 
the air. 3. By burning fands, that often retain the fo- 
lar heat to a degree incredible to thofe who have not felt 
it, caufing a more than ordinary rarefaftion of the air 
contiguous to them. 4. By high mountains, which al- 
ter the direftion of the winds in ftriking agaioft them. 
5. By the declination of the fun towards the north or 
fouth, heating the air on the north or fouth fide the 
equator. 

To thefe and fuch caufes aire owing, i. The irregula- 
rity or uncertainty of winds in climates diftant from the 
equator, as in moft parts of Europe. 2. Thefe periodical 

winds 
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winds called Monfoonsy which in the Indian feas bl^w ThcMon- 
half a year one way, and half a year another. 3. Thofc ^^^^' 
winds which on the coaft of Guinea, and on the weftern 
coafts of America, blow always from weft to eafi, 4, 
The fea breezes, which, in hot countries, blow general*- 
ly from fea to land, in the day time; and the land breezes, 
which blow in the night; and, in fhort,' all thofe ftcrms, 
hurricanes, whirlwinds, and irregularities, which hap- 
pen at different times and places. 

All common.air is impregnated with a certain kind of ^^^ yj^jfv* 
vivifying fpirit or quality, which is neceffary to conti- ingfpirii 
nue the lives of animals : and this, in a gallon of air, is 
fufficient forone man during the fpace of a minute, and 
not much longer. 

The fpirit in air is deftroyed in pafling through the 
lungs of animals : and hence it is, that an animal dies 
foon afterbeing put under a veffel which admits no frefli 
air to come to it. This fpirit is alfo in the air which is 
in water; for fifh die when they are excluded from frefh 
air, as in a pond that is clofely frozen over : and the 
little eggs of infects flopped up in a glafs, do not produce 
their young though affifted by a kindly warmth. The 
feeds alfo of plants mixed with good earth, and inclofed 
in a glafs, will not grow. 

This enlivening quality in air is alfo deftroyed by 
the air's paffing through fire ; particularly ^charcoal fire, 
or the flame of fulphur. Hence fmoking chimneys 
mufl be very unwholefome, efpecially if the rooms tliey 
are in be fmall and clofe. 
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Air is alfo vitiated, by remaining clofely pent up in 
any place for a confidcrablc time; or perhaps, by being 
mixed with malignant fleams and particles flowing from 
the neighbouring bodies : or laftly, by the corruption 
of the vivifying fpirit ; as in holds of fhips, in oil cit 
terns, or wine cellars, which have been fhut for a confi* 
derable time. The air in any of them is fometimesfo 
much vitiated, as to be immediate death to any anioud 
that comes into it. 

Damps. Air that has loft its vivifying fpirit is called damp^ 

not only becaufe it is filled with humid or moift .va- 
pours but becaufe it deadens fire, extinguifhes flame, 
and deftroys life. The dreadful effects of damps ait 
fufliciently known to fuch as work in mines. 

If part of the vivifying fpirit in air irx any country 
begins to putrefy, the inhabitants of that country will 
be fubjectto an epidepaical difeafe, which will continue 
until the putrefaction is over. And as the putrefying 
fpirit occafions this difeafe, fo if the difcafed body con- 
tributes towards the putrefying of the air, then the dif- 
eafe will not only be epidemical, but peftilential a^d 



The atmofphere is the common receptacle of all the 
effluvia or vapours arifing from different bodies; of the 
fleams and fmoke of things burnt or melted ; the fogs 
or vapours proceeding from damp watery places ; and 
of the. effluvia proceeding from fulphureous, nitrous, 
acid, and alkaline bodies. In fhort, whatever may be 
called volatile, rifes in air to greater or leffer heights, ac- 
cording to its fpecific gravity. • 

When 
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When the effluvia which arife from acid and alkaline Ffrm«it»- 
bodies meet each other in the air, there will be a ftrong ^°°** 
conflict or fermentation between them ; which will 
fometimes be fo great as to produce a fire; then if the 
effluvia be combuftible, the fire will run from one part 
to another, jufl as the inflammable matter happens to lie, 

-Any one may be convinced of this, by mixing an 
acid and an alkaline fluid together, as Glauber's Ipiritof 
nitre and oil of cloves ; upon the doing of which, a fud- 
den ferment, with a fine flame, willatife ; and if the in- 
gredients be very pure and flrong, there will be a fudden 
explofion. 



Thunder 



Whoever conCders the effefts of fermentation, cannot 
be at a lofs to account for the dreadful effefts of thunder aiKiTigbV 
and lightning; for the effluvia of fulphureous and ni- "*°2' 
trous bodies, and others that may rife ijito the atmo- 
iph ere, will ferment with each other, and take fire ve- 
ry often of themfelves ; fometimes by the afliftance of 
the fun's heat. 

Jt the inflammable matter be thin and light, It will rife 
to the upper part of the atmofphere, where it will flalh 
without doing any harm : but if it be denfe, it will lie 
nearer the furfacc of the earth, where takjng fire, it will 
explo<:le with a furprizing force : and by its heat rarefy 
and drive away the air, kill men and cattle, fplit trees, 
walls, rocks, 6fc. and be accompanied with terrible claps 
of thunder. 

The heat of lightning appears to be quite different 
from that of other fires; for it has been known to run 
through wood, leather, cloth, &c. without hurting them, 

V % while 
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while it has broken and melted iron, fteel, lilver, gold, 
and other hard bodies. Thus it has melted or burnt 
afunder a fword, without hurting the fcabbard ; and mo- 
ney in a man's pocket, without hurting his clothes. The 
reafon of this feems to be, that the particles of that fire 
are lo fine, as to pafs through foft, loofe bodies, without 
diffolving them, whilft they fpend their whole force up- 
on the hard ones. 

It is remarkable, that knives and forks which have 
been ftruck with lightning have a very ftrong magnetic 
cal virtue for feveral years after: and I have heard that 
lightning llrlking upon the mariner's compafs, will 
fometimes turn it round; and often make it ftand the 
contrary way, or with the north pole towards the fouth. 

Fire damps. Much of the fame kind with lightning arc thofe ex- 
plofions, called fulminating or fire-damps, which fome- 
times happen in mines ; and are occafioned by fulphure- 
ous and nitrous, or rather oleaginous particles, rifing 
from the mine and mixing with the air, where they will 
take fire by the lights the workmen are obliged to make 
ufe of. The fire being kindled, will run from one part 
of the mine to another, like a train of gunpowder, as the 
combuftible matter happens to lie ; and as the elafticity 
of the air is increafed by that heat, ih/ii in the mine will 
eonfequently fwell very much, and fo, for want of room 
will explode with a greater or lefs degree of force, ac- 
cording to the denfity of the combuftible vapours. It 
is fometimes fo ftrong, as to blow up the mine ; and at 
other times fo weak, that when it has taken fire at the 
flame of a candle, it is eafily blown out. 

Air that will take fire at the flame of a candle, may 
he produced thus: Having exhaufted a receiver of 

the 
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the air-pump, let the air run into it through the flame of 
the oil of turpentine ; then remove the cover of the re- 
ceiver, and holding a candle to that air, it will take fire, 
and burn quicker or flower, according to the denfity of 
the oleaginous vapour. 

When fuch combuftible matter, as is above men- P-««^- 
tioned, kindles in the bowels of the earth, where there 
is little or no Vent, it produces earthquakes, and violent 
ftorms or hurricanes of wind when it breaks forth in the 
air. 

An artificial earthquake may be made thus: Take 
10 or 15 pounds of fulphur, and as much of the filings 
of iron, and knead them with common water into the 
confiftcncy of a pafte; this being buried in the ground, 
will, in 8 or 10 hours time, burft out into flame^s, and 
caufe the earth to tremble all around to a confiderablc 
diftance. 

From this experiment we have a very natural ac- 
count of the fires of Mount ^tna, Vefuvius, and other 
volcanoes, they being probably fet on fire at firft by the 
mixture of fuch metalline and fulphureous particles. 

• The air-pump being conftrufted the fame way as the ^^,^^7 
water-pump, whoever underftands the one, will be at no 
lofs to underftand the other. 

Having put a wet leather on the plate L L of the air- 
pump, place the glafs receiver M upon the leather, fo 
that the hole i in the plate, may be within the glafs; 
then turning the handle F backward and forward, the air 
will be pumped ovit of the receiver ; which will then be 
held down to the plate by thepreffure of the external air, 

or 



no AN INTRODUCTION TO 

or atmofphere. For, as the handle F (Fig. 2.) is turn- 
ed backwards, it raifes the pifton d e in the barrel • 
B K, by means of the wheel E and rack D d : and, as 
the pifton is leathered fo tight as to fit the barrel exafk- 
ly, no air can get between the pifton and barrel; and 
therefore all the air above d in the barrel is lifted up to- 
wards B, and a vacuum is made in the barrel from b to 
e ; upon which, part of the air in the receiver M (Fig, 
1.) by its fpring, rufhes through the hole i, in the brafs 
plate L L, along the pipe G C G (which communicates 
with both barrels in the hollow trunk I H K, Fig, 2.) 
and pufhing up the valve b, enters into the vacant place 
b e of the barrel B K, For, wherever the refiftance 
or preflure is taken off, the air will run to that place, if 
it can find a paflage. Then if the handle F be turned 
forward, the pifton d e will be depreffed in the barrel ; 
and, as the air which had got into the barrel cannot be 
puflied back through the valve b, it will afcend through 
a hole in the pifton, and efcape through a valve at d; 
and be hindered by that valve from returning into the 
barrel when the pifton is again raifed. At the next 
raifing of the pifton, a vacuum is again made in the 
fame manner as before, between b and e ; upon which 
more of the air that was left in the receiver M, gets out 
thence by its fpring, and runs into the barrel B K, 
through the valve B, The fame thing is to be under- 
flood with regard to the other barrel A I ; and as the 
handle F is turned backwards ar^d forwards, it alternate- 
ly raifes and depreffes the piftons in their barrels; al- 
ways raifing one while it depreffes the other. And, as 
there is a vacuum mad6 in each barrel when its pifton is 
raifed, the particles of air in the receiver M, pu(h out 
another, by their fpring or elafticity, through the hole 
i, and pipe G G into the barrels ; until at laft the air in 

the 
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the receiver comes to be fo much dilated, and its fpring 
fo far weakened, that it can no longer get through the 
valves ; and then no more can be taken out. Hence, 
there is no luch thing as making a perfeft vacuum in the 
receiver ; for the quantity of air taken out at any one 
ftroke, will always be as the denfity thereof in the re- 
ceiver ; therefore it is impoffiblc to take it all out, be- 
caufe, fuppofing the receiver and barrels of equal capa- 
city, there will be always as much left as was taken out 
at the laft turn of the handle. 

There is a cock k below the pump-plate, which being 
turned, lets the air into the receiver again; and then 
the receiver becomes loofe, and may be taken off the 
plate. The barrels are fixed to the frame E e e by two 
fcrew-nuts f f, which prefs down the top-piece E upon 
the barrels : and the hollow trunk H (in Fig. 2.) is co- 
vered by a box, as G H (in Fig. i,) 

There is a glafs tube,^Im m m n, open at both ends, 
and about 34 inches long; the upper end communicat- 
ing with the hole in the pump-plate, and the lower end 
immerfcd in quickfilver at n in the veffel N, To this 
tube is fitted a wooden ruler m m, called the gauge which 
is divided into inches and parts of an inch, from the 
bottom at n (where it is even with the furfacc of the 
quickfilver) and continued up to the top, a little below 
I, to 30 or 31 inches. 

As the air is pumped out of the receiver M, it is like* 
wife pumped out of the tube 1 m n, becaufe that tube 
opens into the receiver through the pump-plate ; and 
as the tube is gradually emptied of air, the quickfilver in 
the veffel N is forced up into the tube by the preffure of 

the 
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the atmofphere. And if the receiver could be perfeft-* 
ly exhaufted of air^ the quickfilver WQuld ftand as high 
in the tube as it does at that time in the barometer : for 
it is fupported by the fame power or weight of the at- 
mofphere in both. 

The quantity of air exhaufted out of the receiver on 
each turn of the handle, is always proportionable to the 
afcent of the quickfilver on that turn : and the quantity 
of air remaining in the receiver, is proportionable to the 
defeft of the height of the quickfilver in the gauge, from 
what it is at that time in the barometer. 

I (hall now give an account of the experiments made 
with the air-pump; fhewing the refiftance, weight, and. 
clafticity of the air. . 

To fhew the refiftance of the air. There is a little 
machine, confifting of two mills, a and b, which are of 
equal weightSj,independent of each other, and turn equal- 
ly free on their axles in the frame. Each mill has four 
thin arms or fails fixed into the axis : thofc of the mill 
a have their planes at right angles to its axis, and thofe 
of b have their planes parallel to it. Therefore, as th« 
mill a turns round in common air, it is but little refitted 
thereby, bccaufe its fails cut the air with their thin edges: 
but the mill b is much refifted, becaufe the broad fide 
of its fails move againft the air when it turns round. In 
each axle is a fine pin near the middle of the frame, 
which goes quite through the axle, and ftands out a 
little on each fide of it : under thefe pins the Aider a 
may be made to bear, and fo hinder the mills from go- 
ing, when the ftrong fpring C is fet on bend againfl the 
oppofite ends of the pins. 

Having 
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Havitig fet this machine npon the pump-plate L L 
(fig. I.) draw up the Aider d to the pins on one fide, and 
fet the fpringCat bend on the oppofite ends of the pins : 
then puft) down the Aider d, and the fpring afting equal- 
ly ftrong upon each mill, will fet them both a going 
with equal forces and velocities ; bat the mill a, will 
run much longer than the~ mill b, becaufe the air makes 
much lefs refiftance againft the edges of its fails than 
^gainft the fides of the fails of b. 

Draw Tip the Aider again, and fet the fpring upon the Fig, w 
pins as before ; then cover the machine with the receiver 
M upon the pump-plate; and having exhauftedthc re- 
ceiver of air, puQi down the wire P P (thro' the collar 
of leathers in the neck g) upon the Aider; which will 
difengngc it from the pins, and allow the mills to turn 
round by the impulfe of the fpring : and as there is no 
air in the receiver to make any fcnfible refiftance againft 
them, ihcy will both move a confiderable time longer than 
they did in the open air; and the moment that one ftops 
the other will do fo too. This fhtws that air refifts bo- 
dies in motion, and that equal bodies meet with differ- 
ent degrees of refiftance, according as they prefent 
greater or Jefs furfacrs to the air in the planes of their 
motions. 

Take off the receiver M, and the mills ; and having put Experiment 
the guinea a and feather b upon the brafs flap c, turn p. ^^* 
up the flap and fhut it into the notch d. Then, putting a 
wet leather over the top of the tall receiver A B (it be- 
ing open both at top and bottom, cover it with the plate 
C, from which the guinea and feather tongs e d will then 
hang within the receiver. This done, pump the air out 
N0.VIIJ. Q. of 
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of the receiver ; and then draw up the wire f a little, 
which by a fquare piece on its lower end, will open the 
tongs e d; and the flap falling down as at c, the guinea 
and feather will defccnd with equal velocities in the re- 
ceiver ; and both will fall upon the pump-plate at the 
fame inftant« 

In this experiment the obfervers ought not to look at 
the top, but at the bottom of the receiver, in order to 
fee the guinea and feather fall upon the plate ; other- 
wife, on account of the quicknefs of their motion, they 
will efcape the fight of the beholders. 

Tojhew the fViight of the Air. 

Expcri- HAVING fitted a brafs cap, with a valve tied over it^ 

■lent III. jQ ^}^g mouth of a thin bottle or Florence flalk, whofe 
contents are cxaflly known, fcrew the neck of this cap 
into the hole i of the pump-plate : then having exhaufted 
the air out of the fiaik, and taken it off the pump, let it 
be fufpended at one end of a balance, and nicely couo- 
tefpoifed by weights in the fcale at the other end: this 
done, raife up the valve with a pin, and the air willrulh 
into the fialk with an audible noife; during which time 
the flalk will defcend, and pull down that end of the 
beam. When the noife is over, put as many grains into 
the fcale, at the other end, as reftore the equilibrium; 
and they will fhew exaftly the weight of the quantity of 
air that has got into the flalk, and filled it. If the flaflc 
holds an exaft quart, it will be found, that 16 grains 
will reftore the equipoife of the balance when the quickfil- 
vcrftands at 29? inches in the barometer; which (hews, 
that when the air is at a mean rate of denfity, a quart of 

it 
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it weighs 16 grains : it weighs more when the quickfiU 
ver (lands higher; and lefs when it ftands lower. 

Place the fmall receiver O (fig. 1.) over the hole 1 in Experiment 
the pump-plate, and upon exhaufting the air, the re- 
ceiver will be fixed down to the plate by the preflure of 
the air on its outfide, which is left to aft alone, without 
any air in the receiver to aft againft it : and this preflure 
will be equal to as many times 15 pounds as there are 
fquare inches in that part of the plate which the receiver 
covers; which will hold down the receiver fo faft, that 
it cannot be got off until the air be let into it by turn- 
ing the cock k ; and then it becomes loofe. 

Set the little glafs A B (which is open at both ends) Experiment 
over the hole i upon the pump-plate L L, and put your Fig. 5, 
hand clofc upon the top of it at B : then upon exhauft- 
ing the air out of the glafs, you will find your hand 
prefled down with a great weight upon it : fo that you 
can hardly releafe it until the air be re-admitted into 
the glafs by turning the cock k; which air, by aftiqgas 
ftrongly upward againft the hand as the external air 
afted inprefling it downward^ will releafe the hand from 
its confinement. 

Having tied a piece of wet bladder b over the open Experimeifi 
top of the glafs A (which is alfo open at bottom) fet it to Fig.W 
dry, and then the- bladder will be tight like a drum. 
Then place the open plate A upon the pump-plate, over 
the hole i, and begin to exhauft the air out of thegtafs. 
As the air is exhaufting, its fpring in the glafs will be 
weakened, and give way to the preflure of the outward 
-air on the bladder; which, as it is prefled down^ will put 
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on a fpherical concave figure, which will grow deepef 
and deeper, until the ftrength of the bladder 6e overcome 
by the weight of the air; and then it will break with a 
report as loud as that of a gun. If a flat piece of glafs be 
laid upon the top of this receiver, and joined to it by a 
flat ring of wet leather between them, upon pumping 
the air out of the receiver, the preflure of the outward 
air upon the flat glais will break it all to pieces. 

Experiment Pour foipe quickfilver into the jar D, and fct it on^tfae 
riauviii pump-plate near the hole i; then fet on the tall open 
^»g- »• receiver A B, fo as to be over the jar and hole ; and co- 
ver the receiver with the brafs plate C. Screw the open 
glafs tube f g, which has a brafs top on it at h, into tlic 
fyringe H, and, putting the tube through a hole in the 
middle of tha plate, fd as to immerfe the lower end of 
the tube e into the quickfilver at D, fcrew the end h of 
the fyringe into the plate. This done, draw iip thepif- 
ton in the fyringe by the ring I, which will make a va- 
cuum in the fyringe below the pifton: and as the upper 
end of the tube opens into the fyringe, theairwiltbc dila- 
ted in the tube, becaufe part of it, by its fpring, gets up 
to the fyringe; and thefpringof theundilated air inthe 
receiver a^ing upon the furtace of the quickfilver inthe 
jar, will force part 6f it up into the tube : for the quick- 
filver will follow the pifton inthe fyringe, in the fame 
way, and for the fame reafon, that water follows the pif^ 
ton of a common pumjp when it is raifed in the pump- 
barrel; and this, according tb fome, is done by fu£kion. 
But to refute that erroneous notion, let the air be pump* 
ed out of the receiver A B, and then all the quickfilver 
in the tube will fall down by its own weight into the jiu-; 
arid cannot be raifed oiie hair's breadth in the tube by 
working the fyringe ; which fliews that filftion had no 
hand in raifing the quickfilver: and to prove that it is 
■■- • . . .^' . • > , ■.. , .. . ». j^^g 
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done by preiTure, let the air into the receiver by tho 
cock k (Plate VlL fig.i.) and its aftion upon the furfaco 
of the quickfilvcrinthe jar will raifc it up into thetubc, 
although the pifton of the fyringe continues motionlefs. 
^f the tube be abput 32 or 33 inches high, the quickfil- 
yer will rife in it very near as high as it ftands at that 
Umc in the barometer. And, if the fyringe has a fmaU 
hole, as m, near the top of it, and the pifton he drawn up 
above that hole» the air will rufii thro* the hole into the 
fyringe and tube, and the quickfilver will immediately 
fall down into the jar. If this part of the apparatus be 
air-tight, the quickfilver may be pumped up into the 
tube to the fame height that it ftands in the barometer; 
but it will go no higher, becaufe then the weight of the 
column in the tube is the fame as the weight of a column 
of air^ of the fame thicknefs with the quickfilver, and 
teaching from the earth to the top of the atmofphere« 

Having placed the jar A, with fome quickfilver in it, E^p^,^^^^ 
on the pump-plate, as in the laft experiment, cover it with ^y^^^ 
the receiver B, then pufli the open end of the glafs tube 
d e through the collar of leathers in the brafs neck 
C (which it fits fo as to be air-tight) almoft down to the 
quickfilver in the jar; then exhauft the air out of the 
receiver, and it will alfo come out of the tube, becaufe 
the tube is clofe at top. When the gauge m m fliewt 
that the receiver is well cxhaufted, pulh the tube, fo as 
to immerfe its lower end into the quickfilver in the jar. 
Now, although the tube be exhaufted of air, none of the 
quickfilver will rife into it, becaufe there is no air left in 
the receiver to prefs upon its furface in the jar. But let 
the air into the receiver by the cock k, and the quickfil- 
ver 
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ver will immediately rife in the tube, and ftand as high 
in it as it was pumped up in the laft experiment. 

Both thefe experiments Ihew that the quickfilver is 
fopported in the barometer by the preffure of the air on 
its furface in the box, in which the open end of the tube 
IS placed ; and that the more djenfe and heavy the air 
is, the higher the quickfilver rifes ; and.on the contrary, 
the thinner and lighter the air is, the more.willthe 
quickfilver fall ; for if the handle F be turned ever fo lit* 
tic, it takes fome air out of the receiver, by raifing one 
•or other of the piftons in its barrel ; and confequently, 
that which remains in the quickfilver is fo much the 
rarer, and has fo much the lefs fpring and weight; and 
thereupon the quickfilver falls a little in the tube: but 
upon turning the cock, and re-admitting the airintothe 
receiver, it becomes as weighty as before, and the quick- 
filver rifes again to the fame height. Thus we fee the 
reafon why the quickfilver in the barometer falls before 
rain or fnow, and rifes before fair weather; for in the 
former cafe the air is too thin and light to bear up the 
rapours; and in the latter, too denfe and heavy to let 
them fall. 

It is to be noted, that, in all mercurial experiments 
with the air-pump, a fhort pipe muft be fcrcwed into the 
hole 1, fo as to rife about an inch above the plate, to pre- 
vent the quickfilver from getting into the air-pipe and 
barrels, in cafe any of it (hould be accidentally fpiltover 
the jar; for if it once gets into the pipes or barrels, i 
fpoils them, by loofening the folder, and corroding the 
brafs. 

Take 
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Take the tube out of the receiver, and put one end of Expcriincw 
a bit of dry hazel branch, about an inch long, tight into 
the hole, and the other end tight into a hole quite; thro* 
the bottom of a fmall wooden cup; then pour Ibmc 
quicklilver into the cup, and exhauft the receiver of air, 
and the preffure of the outward air, on the furface of the 
quickfilver, will force it thro' the pores of thehazel,frora 
whence it will defcend in a beautiful (hower, into a glafs 
cup placed under the receiver to catch it. 

^Put a wire through the collar of leathers on the top of £»!«£«»«* 
the receiver, and fix a bit of dry wood on the end of the 
wire within the receiver; then exhauft the air, and pufix 
the wiredownfo as toimmerfe the wood into a jarof quick- 
filver on the pump-plate ; this done, let in the air, and 
upon taking the wood out of the jar and fplitting it, its 
pores will be found full of quickfilver, which the force 
of the air,uponbcing let into the quickfiher, drove into 
the w6od« 

Join the two brafs hemifpherical cups A and B togc- Experiment 
ther, with a wet leather between them, having a hole in pine VII. 
the middle of it; then fcrcw the end D of the pipe C D ^*^' ^' 
into the plate of the pump at i, and turn the cock E, fo 
as the pipe may be open all the way into the cavity of 
the hemifphcres : then exhauft the air out of them, and 
turn the cock a quarter round, which will fhut the pipe 
C D and keep out the air. This done, unlcrew the pipe 
at D from the pump, and fcrew the piece F h upon it at 
D ; and let two ftrong men try to pull the hemifphcres 
afunderby the rings g and h, which they will find hard to 
do; for ifthe diameter of the hemifpheres be four inches, 
they will be preffed together by the external air with a 
force equal to 190 pounds : and to Ihew that it is the 

pre flu re 
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preflure of the ai r that keeps them together, hang theiti by- 
cither of the rings upon the hooKP of the wireiti the re- 
ceiver M (Fig, I.) and, upon exhaufting the air out of 
the receiver, they will fall afunder of themfelves. 

Expenraent Place a fmall receiver O (Fig. !•) near the hole i ott 
the pump-plate, and cover both it and the hole with the 
receiver M ; and turn the wire fo by the top P, that its 
hook may take hold of the little receiver by a ring at its 
top, allowing that receiver to ftand with its own weight 
on the plate. Then, upon working the pump, the air 
will come out of both receivers; but the large one M, 
will be forcibly held down to the pump by the preffarfc 
of the external air; whilft the fmall one O, having no air 
to prefs upon it, will continue loofe, and may be drawn 
up and let down at pleafure by the wire P P. But upon 
letting it quite down to the plate, and admitting the air 
into the receiver M, by the cock k, the air will prefs fo 
ftrongly upon the fmall receiver O, as to fix it down to 
the plate ; and, at the fame time, by counterbalancing 
the outward preffure on the large receiver M, it will 
become loofe. This experiment evidently fhews, that 
the receivers are held down by preflure, and not by fuc- 
tion, for the internal receiver continued loofe while the 
operator was pumping, and the external one was held 
down; but the former became faft immediately by let- 
ting in the air upon it. 

Plate VIII. Screw the end Aof the brafs pipe ABF intothepump- 
fixpcriment plate, and turn the cock e until the pipe be open ; then put 
^^^' a wet leather on the plate c d (fixed on the pipe) and co- 
ver it with the tall receiver G H, which is clofe at top ; 
thcnexhauft thcair outof thcreceiver,and turn thecock e 

t0 
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t6 keep It out; which done, unfcrew the pipe from the 
pump, and fet its end* A into a bafon of water, and turn 
the cock e to open the pipe ; on which, as there is no 
air in the receiver, the preffure of theatmofpherc on the 
tirater in the bafon, will drive the water forcibly thro* 
the pipe, and make it play up in a jet to the top of the 
receiver. 

Set thefquare phial A upon the pump-plate, and hav- pute vii. 
ing covered it with the wire cage B, put a clofe receiver 5 ^'^rimcni 
over il^ and exhauft the air out of the receiver; in do- . ^IV. 
ing which, the air will alfo make its way out of the 
phial, through a fmallhole in its neck under the valve b. 
When the air is cxhaufted, turn the cock below th(«plate 
to re-admit the air into the receiver ; and as it cannot 
get into the phial again, becaufe of the valve, the phial 
will be broke into fome thoufands of pieces by the pref- 
fure of the air upon it. Had the phial been of a round 
form, it would have fuftained this preffure like an arch, 
without breaking ; but as its fides are flat, it cannot. 

To fhew the elaflicity or fpring of the air. Tie up a Ejcpcrlment 
very fniall quantity of air in a bladder, and put it under p. ^J* 
the receiver : then exhauft the air out of the receiver; 
and the fmall quantity which is confined in the bladder 
(having nothing to aft againft it) will expand itfelf foby 
the force of its fpring, as to fill the bladder as full as it 
could be blown of common air. But upon letting the 
air into the receiver again, it will overpower the air in the 
bladder, aitd prcfs its fides almofl dlofe together. 



nment 



If the bladder fo tied up be put into a wooden box, Expc 
and have 20 or 30 pounds weight of lead put upon it in ^^'^* 
the box, and the box be covered with a clofe receiver; 
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upon exhaufting the air out of the receiver, that air 
which is confined in the bladder will expand itfclf fo as 
to raife up all the lead by the force of its fpring. 

Plate VIII. Screw the pipe A B into the pump-plate, place the tall 
Exp*. %. receiver G H upon the plate c d, as in the 13th experi- 
ment, and exhauft the air out of the receiver;^ then tura 
the cock e to keep out the air, unfcrew thb pipe from 
the ptimp, and fcrew it into the mouth of the copper vcC- 
fel C C (Fig, 4.) the veflel having been firft about half 
filled with water. Then open the cock e (Fig. 3.) and 
the fpring of the air which is confined in the copper v«f- 
fel will force the water up thro' the pipe A B in a jet 
into ^e exhaufted receiver, as ftrongly as it did by its 
preffure on the furface of the water in a bafon, in the 
thirteenth experiment. 

Exp. x8. If a fowl, cat, rat, moufe, or bird, be put under a re- 

ceiver, and the airbecichaufted,thc animal will be at firft 
oppreffed as with a great weight, then grow convulfed, 
and at laft expire in all the agonies of a moll bitter and 
cruel death. But as this experiment is too (hocking to 
. every fpeftator who has the leaft degree of humanity, 
we fubftitute a machine called the lung^^^giafs^ in plzcco( 
the animal. « 

Exp. 19. If a butterfly be fufpended in a receiver, by a- fine 

thread tied to one of its horns, it will fly about in the re- 
ceiver, as long as the receiver continues full of air ; but 
if the air be exhaufted, tho* the animal will not die, and 
will continue tofiutterits wings, it cannot remove itfelf 
from the place where it hangs, in the middle of the re- 
ceiver, until the air be let in again, and then the animal 
w^ill fly about as before. 

Pour 
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Pour fome quickfilver into the fmall bottle A, and Exp. 2cv 
fcrew the brafs collar c of the tube B C into the brafs ^*^' ^* 
neck b of the bottle, and the lower end of the tube willbe 
immerfed into the quickfilver, fo that the air above the 
quickfilver in the bottle will be confined therd, becaufe 
it cannot get about the joining, nor can it be drawn out 
thro' the quickfilver into the tube. This tube is alfo open 
at top, and is tobe covered with the receiver G and large 
tubeEF; which tube is fixed by brafs collars to the re- 
ceiver, and is clofe at the top. This preparation being 
made,^ cxhauft the air both out of the receiver and its 
tube; and the air will by the fame means be exhauftcd 
out of the inner tube B C thro* its open top at C; and as 
the receiver and tubes are exhauftihg, the air that is con- 
fined in the glafs bottle A will prefs fo by its fpring on 
the fur face of the quickfilver, as to force it up in the in- 
ner tube as high as itwasraifed in the tenth experiment 
by the pi^effure of the atmofphere : which demonftrates 
that the fpring of the air is equivalent to its weiglit. 

Put a cork into the fquare phial A, and fix it in with 

* Exp. 2r. 

wax or cement ; put the phial on the pump-plate with piat<j vii. 
the wire cage B over it, and cover the cage with a clofe ^'^' 
receiver; thencxhaufttheairoutof the receiver, and the 
air that was corked up in the phial will break the phial 
outwards by the force of its fpring, becaufe there is no 
air left on the outfide of the phial tQ a^ againft thm 
air within it. 

Put a fhrivelled apple under a clofe receiver, and ex- Exp. zz; 
hauft the air; then the fpring of the air within the apple 
will plump it out, fo as to caufe all the wrinkles to dif» 
appear; but upon letting the air into thereceiver again, 
to prefs upon the apple, it will inftantly return to its for- 
mer decayed and fhrivelled ftate* 
^ R a Tak« 
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Exp. 23. Take a frefh egg, and cut off a littk of the flieU tni 

film from its fmalkft end, dien put the egg under a xt^ 
ceiver, and pamp out the ^if ; upon whidi all the coft« 
tents of the egg will be. forced out into the receiver^ by 
the expaniion of a fmdl bubble of air contained in th^ 
great end, between the fheil and film* 

Exp. i4» Put fome warm beer into aglafs, and having (et itOQ 

the pump^ cover itwidia dofe receiver, andtfaenexhauft 
the air. Whilft this is doing, and thereby the prefiurt 
more and more taken off from the beer in the gkfsj^did 
air therein will expand itfelf, and rife up in innumqrable 
bubbles to the furface of the beer ; and from thence it 
will be taken away with the other air m the receiver, 
Wheii the receiver is nearly exhauiled, the air in cfa^ 
beer, which could not difejitangle itfelf ijuick enooghlo 
get off with the reft, will nowe^pand itielf fo, a« to caufi^ 
the beer to have all the appearance of boiling ; aivd th^ 
greateft part of it will go over the glaft. 

Exp. 25. Put fome warm water into a glafs,and put a bit of dry 

wainfcot or other wood into the water; dicn cover the 
glafs with a clofe receiver, and exhauft the air; upon 
which the air in the woodhavingliberty to expand itfelf, 
will come out plentifully, and make all the waterto bub-? 
ble about the wood, efpecially about the ends, becauTp 
the pores lie lengthways. A cubic inch of dry wainfcot 
has fo much air in it, that it wili* continue bubbling for 
near half an hour together. * 
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Mifcelknews Experiments* 

SCREW the fyvingc H (fig. i.) to a piece of lead that Sj;^!, 
weighs one pound at leaft ; and, holding the lead in one 
bandy pull up the piAo0 in the fyringe with the other; 
then quitting hold of the lead, die air will pufli it up* 
ward, and drive back the fyringe upon the pifton. The 
feafon of this ts^ that the drstwing up of the pifton makes 
a vacuum in the fyringe, and the air which prefles every * 
way equally, having nothing to refift its preflurc up- 
ward, Ae lead is thereby preflfed upward, contrary toiti 
natural tendency by gravity* If the fyringe, fo loaded^ 
bt hung in a receiver, and the air be exhaufted, the fy^ 
ringe and lead willdcfcend upon the pifton-rod by their 
natural gravity ; and, upon admitting the air into the 
fieceiver, they will be driven upward again, until the pili 
Ion be at die very bottom of the fyringe* 

l^tt ^ large piece of cork be fufpendcd by a tliread at Exp. 27. 
one end of a balance, and couatcrpoifed by a leaden 
weight, fu^nded in the fame manner, at the other. Let 
thisbalaoce be hung to tjbe infide of the top of a large re«> 
ceiver ; which being let on the pump, and the air ex*- 
hauftbdf the cork will preponderate, andihew itfelfto 
be heaviter than the lead; but upon letting in the air 
again, the equilibritmi will be refiored* The reaibn of 
this is, that fince the air is a fluid, and all bodies loie as 
much of their abfolute weight in it as is equal to the 
weight of their bulk of the fluid, the cork being the 
larger body, lofes more of its real weight than the lead 
does; and therefore muft in £a& be heavier, to balance 
it under the di&dvAntage of lofing fome of its weight, 

which 
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* 

which difadvantgc being taken off by removing the air, 
the bodies then gravitate, according to their real quan- 
tities of matter, and the cork which balanced the lead in 
air, ftiews itfelf to be heavier when in vacuo. 

Xxp. >8. Set a lighted candle upon the pump, and cover it with 

a tall receiver. If the receiver holds a gallon, the can- 
dle will burn a minute; and then, after having gradually 
decayed from the firft inft^nt, it will go out ; which 
(hews that a conftaiit fupply of frefh air is necelTary to 
feed flame ; and fo it alfo is for animal Ufe ; for a bird 
kept under a clofe receiver will foon die, altho' no air be 
pumped out ; and it is found that, in the diving bell, a 
gallon of air is fufficient only for one minute for a man 
to breathe in, 

. The moment when the candle goes out, the fmoke will 
be feen to afce.nd to the top of the receiver, and there it 
vwill form a fort of cloud ; but upon exhaufting the air, 
the fmoke will fall down to the bottom of the receiver, 
and leave it as clear at the top as it was before it was fet 
upon the pump. This (hews that fmoke does not afcend 
on account of its being poiitively light, but becaufeitis 
lighter than air; ^nd its falling to the bottom when the 
air is taken away, Ihews that it is not deft itute of weight. 
So moft forts of wood afcend or fwimin water; and yet 
there are none who doubt of the wood^s having gravity 
or weight. 

jgj^ Set a receiver which is open at top, on the air-pump, 

and cover it with a brafs plate and wet leather; and 
having exhaufted it of air, let the air in again at top thro* 
an iron pipe, making it pafs thro* a charcoal flame at the 
end of the pipe; and when the receiver is full of that 
air, lift up the cover, and let down a moufe or bird in- 
to 
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to the receiver, and the burnt air will immediately kill 
it. If a candle be let down into that air, it will go oat di-* 
, reftly ; but by letting it down gently, it will purify the 
air fo far as it goes; and foby letting it down moreand 
more, the flame will drive out the bad air, and good air 
will get in. 

» 

Set a bell upon a cufhion on the pump-plate, and co*- ^j^p* jo^ 
ver it with a receiver; then fhake thepUmp to make the 
clapper ftrike againft the bell, and the found will be very 
wclUieard ; but, exhauftthe receiver of air, and then, if 
the clapper be made toftrikeeverfohard againft the bell, 
it will make no found at all; which fhcws that air Is ab- 
folutely neceffary for the propagation of found. 

Let a candle be placed on one fide of a receiver, and exp.ji. 
viewed thro* the receiver at fome diftance ; then, as foon 
as the air begins to beexhaufted, the receiver will be fill* 
ed with vapours, which rife from the wet leather, by the 
fpring of the air in it; and the light of the candle being 
refrafted through that medium of vapours, will have the 
appearance of circles of various colours, of a faint rcfem- 
blance to thofe of the rainbow. 

The air-pump was invented by Otbo Guerlcbe^ of Mag^ 
dehurgi but was'much improved by Mr. Boylcy to whom 
we are indebted for our greateft part of the knowledge 
of the wonderful properties of the air, demonftrated ir^ 
the above experiments. 

The elaftic air which is contained in many bodies, and 
is kept in them by the weight of the atmofphere, may be 
got out of them" cither by boiling, or by the air-pump, 

as 
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as fhcwn in the 24th experiment: but the fixed air, which 
is by much the greater quantity, cannot be got out but 
by diftillation, fermentation, or putrefa£tion. 

If fixed air did not come out of bodies with difficulty^ 
and fpcnd iome time in extricating itfelf from them^ 
it would tear them to pieces* Trees would be rentby 
the change of air, from a fixed to an elaftic ftate; land 
animals would be burft in pieces by die expiofion of air 
in their food, 

■ Dr. Hales found by experiment^ that the air in applet 
is fo much condenfed, that if it wejfc let out into the 
common air, it would fill a fpace48 times as great as the 
bulk of the apples themfclves ; fo that its prcffure outT- 
wards Was equal to 117761b.; andinacubic inch of oak 
to 198601b. againft its fides. So that if the air was let 
loofc at once in thef^ fubftaoces, they would tear every 
thing to pieces about them, witli a force fupcrior to that 
pf gunpowder. Hence, in eating apples, it is well that 
they part with the air by degrees as^they are chewed, 
and foment in the ftomach, x>therwife an apple would 
be immediate death to him who eats it. 

The mixing of fome fubftances with others will re- 
leafe the air from them all of a fudde^r'; which may be 
attended with very great danger. 0f this we have a re- 
markable inftance in an experiment made by Dr. Slare ; 
who, having put half a dram of oil of carraway-fecds 
into one glafs, and a dram of compound fpirit of nitre 
in another, covered them both on the air-pump with a 
receiver 6 inches wide, and 8 inches deep, and then 
exhaufted the air, and continued pumping until all that 
could poifibly be got both out of the receiver and out 
of tlie two fluids, v(2i% extricated ; then, by a parti- 
cular 
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«iilaf cotittitaiic^ frofn the top df tht receiver^ tie mixed 
the fluids together } upon which they produced fuch a • 
l^rodigioiis quamitir of air^ as inftantly blew up the re* 
C^iver, although it was preflfed down by the atmofphcrc 
ivith upwards of 40a pounds weight* ObferVe in the 
a^th etperiment, the cork niuft be eoVircd all over 
with a piece of thin wet bladder gliied to it^ and not 
ufed until It be dioroughly dry. 

Tie ConfiruOloH andUJi of the Barmifer^ 9r Weaibtr Glaji. 

THIS ittftfument is ufefuA for meafuring the weight 
of the atmofpfaere, attd in foretelling dier changes of the 
weather, and alio for Aieafuring' tber heiglk of moun* 
ladns^&c» 

The Amnion barometer confifts of a glaft tube her*^ 
metically feaJSed at one end, and filled with quickfilver^ 
and defecated and purged of its aif •' The finger being 
Ouen placed on the open end, in immediate contafi with 
drc meircury^ ib as nbt to admit die teaft paitldle of aii^^ 
the tube is inverted, and th^ lower end plunged into 4 
bafon of the (ame prepared mercury (See Mifcellaneous 
ActidiBS.) Tkeii,' upon renujrving-the finger, the mercury 
ia the tube will join diar in die bafon, and thb.mercii^ 
ml' columh ib die tubr will fubfide to the height of 
twe&ty^nine^ Or thirty iiiches,' according to the ftate of 
thr alinofpfaere at chat tinie (See the Scale.) This il 
the principlrvponwhich all barometer are conilruded. ^ * 

In thd begiimkigofthelsft century, piiilofopher^Weri 
of opinion that dieaftient of watai^in pumps wasowifij; 
tO^ the abhorrence of i^ vsfouutti '\ and, that by means of 
ludioh, fiuidawighii'be t^iJUk vt afty height whatever; 
• NoiJX. * . But 
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Galilco't 
diibovery. 



Torricel- 
lian expe- 
riment. 



But GaliUio^ who fiourifhed about that time, difcbvere^ 
that water would not afcend in a pump unlefs the fucker 
reached within thirty-thre6 feet ofitsfurface in the wclL 
From hence he concluded^ that not the power offudion^ 
but the preflure of the atmofphere was the caufe of th^ 
afcent of water in pumps : that a column of water thtr* 
ty-three feet high was a counterpoife to one of air of aa 
equal bafe, whofe height extended to the top of the at<^ 
nioiphere ; and that for this reafon the water would not 
follow the fucker any farther. From this,ToRRic£LLZ, 
GaUM% difgiple, took the hint; and confidered that, if 
a column of water of about thirty-three feet in height 
was equal in weight to one of air having the fame bafe^ 
a column of mercury no longer than about twenty -nine 
inches and a half would be fo too, becaufe,. mercury- 
being about fourteen times heavier than water, a column 
of mercury muft be fourteen times (horter than one 
of water equally heavy* Accordingly, having fifled a 
glafs tube with mercury, and inverted it into a bafon of 
the fame, he found the mercury in the tube to defcend 
till, it flood about twenty-nine inches and a half above 
the furface pf that in the bafon* 



It was, however, fometime after die Torricellian ex« 
periment had been made, and even after it had been 
univerfally agreed, that the fufpenfion of the mercurf 
was owing to the weight of the atmofphere, before it 
was difcovered that this preflure of the air was different 
at different times, though the tube was kept in the fame 
place, ^ut the variations of altitude in the mercurial 
columns were too obvious to remain long unobserved : 
and accordingly philofophersfoon became careful enough 
to mark them. When this was done, it was impoffible 
to avoid obferving alA>, that the changes in the height 
of the mercury were accompanied, or very quickly fuc- 

ceeded^ 
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teeded» by changes in the weather. Hence, the inftru<* 
ment obtained the name of the Wcather-Glais ; and 
was generally made ufe of with a view to thefoieknow* 
ledge of the weather. In this chars^der^ its principal 
phenomena are as follow : 

I. The rifing of the mercury prefagcs, In general, fair Preilmina. 
Weather ; and its falling, foul weather; as rain, fnow, jJdgoofiL 
hWc> winds, and ftorms. 2. In vpry hot weather, the ^*^^*'* 
falling of the mercury forefhews thunder. 3. In win- 
ter, the rifing prefages froft ; and in frofty weather, if 
the mercury falls three or four divifions, there will cer- 
tainly follow a thaw. But in a continued rroft, if the 
mercury rifes, it will certainly fnow. 4. When foul 
Ireather happens foon after the falling of the mercury^ 
expeft but little of it ; and, on the contrary, expe£l hut 
little fair weather when it proves fair fliortly after the 
mercury has rifen. 5. In foul weather, when the mcr* 
tury rifes much and high, and fo continues for two or 
three days htfort the foul weather is quite over» then 
expe£t a continuance of fair weather to follow. 6. In 
fair weather, when the mercury fails much and low» 
and thus continues for two or three days before the rain 
comes, then expeft a great deal of wet, and probably 
high windSk 7. The unfettled motion of the mer- 
cury denotes uncertain and changeable weather. 8. 
Yofi are norfo ftriftly to obferve the words engraved 
bn the plates (though in general it will agree with them) ^ 
as the miercury*s rifing and falling ; for i£ it ftands at 
touch rain, and then rifes up to changeable, it prefaget 
fair weather ; though not to continue fa long as if the 
mercury had rifen higher : and fo, on the contrary, if the 
n^ercury flood at fair^ and falls to cbangeablej it prefages 
Sa foul 
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foul weather ; t^oiigh not ib niu<J^ of ijK as if ix Ua4 
funk lower. 

From thefe obfenriitioo^ it appeals, ti^af it is nPt fi| 
much the height of the mercury in thf tube that ind^r 
cates the weather, as the motion of it up and down : 
ilirhereforey in order to pafs a rightjudgment of rwkat 
weather is to be exp^Sed, we ou^t tx> k^ow whe^er tbt 
ipf^cury is aftually rifing pr falling ; tp which pnd thfl 
followipgrulc«areo£uft« • 
t ■ 

I. If the furfacp of the mercury is cpnyext Handing 
li^gher in the middle of the tube ths^n at the fides, it i% 
generally a fign that the mcrcmpy is then riiing, %. If 
the furface is concave, it is then finking* : and, 3. If i| 
i^ plain, the merctiry i^ ftationary> orr^ther if it is a lit^ 
4<^ cpp vex ; for mercury being put intp ar glafs tube, efl 
pecially a fmall one, \vriU naturally haye its furfa^ce ali^ 
ti^ cpi^vex, becaufethe.pafticles of mfrcury aftcaflpii^ 
mother more forcibly than they zxp. att^£ted by gl^ 
4» Jf the glafs i; fipaU, Ihake the tubf ; and if the ais if 
gipwn heavier, the mercury wil^ ^ife a^ut half th^ 
tpndi of ^n ii|ch higher thaijit ftood before: if it ia 
Ijrqwn lighter, it^iil fink asmuch*. This proceeds fron^ 
tii^ mercury's fticklng to the fidef of the tube, whicj^i 
prevents thefrcie motion pf it till it is.difcji^agcd by tfhc 
^Qck : s^nd therefore when an pbfervatio^ is to b^ luacb 
;^y fuch a tube, it ought always tqb^, Shaken firft; fp;i; 
f^metimes th^ niercury will not y^y of ^ts9wn:a9^ 
cord, till th$i weather i): ought to IjiayjC indicated i^ P^f^ 
icnt. , 

Here we muft ob^xYe« tfaa,t the above^mtA^ned ph^ 
nomena are peculiar to pia^i^ lying a confidcrable dif« 

tance 
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tMC* from the equator ; for ia the tOFvid axMie, the m«r« 
cury in the barom^cter feldpm either rifes or falh Biiicb« 
In Jamaica, it is obferved by Sir ffilUam Beejlorty that 
the mercury in the qfiorniag conftantly fiood at 0ne 
degree below fibangeable, and at nooa funk to one degree 
jibove rain ; fo that the whole feale of variation there 
w^s only thr^e**tenth8 of an inch. At St. Helena^ toc^ 
where Dr. jFftfi'% made his obfervalions, he found the 
mercury'tQ remain almoft ftaiionary whatever weathcf? 
bappene4* Of thefe phenomena^ their caufes, and why 
the barometer indicate) an approaching change qf vciky 
ther, the Dodor gives us the following account : 



t. In calm weather, when thr air is inclined to raii!^ 
the mercury U eonunonly low. 9. Inferene, good, and S^,^^ 
fettled weather, the mercury -is generally high. 3 Upoo ^}.^^ 
Xtxf gseat winds, though they be not accompanied with 
tain, the mercury links loweft of all, with relation to the 
point of thcf compafs the wind blows upon« 4, Th^ 
gceateft heights, off the mercui-y are found upon eaft* 
.^rly go: north^eafterly winds. 5. In calm frofty weather 
tiie mercury, generally ftahdshigh. 6. After very great 
ftorms of wind, when the mercury has been very k>w, jt 
generally rifes agaia very faft. ' 7. The more iiortherljr 
places have greater alterations of the baromet^rthan th0 
tnore fqutheiiy« 8L Within th^ tropics, and nea,r thi^nHf 
thofeaccoisiit&wehave had from others and the ^Ijjfeir* 
vationamadeat St; Helena; make very little oi^ no ywa^ 
tipn of the height of die ineicttry ia all weathers^ 

Hence, i conceive^ that the principal caufe pf the rifo 
tnd faU oftlt^ &ie|Cttry it fromtke Yariable win^s whick 
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are found in the temj^erate zone, and whofe great iitcon* 
ftancy, here in England, is notorious. 

A iecond caufe is, the uncertain exhalation and preci« 
pitation of the vapours lodging in the air, whereby it 
comes to be at one time much moi'e crowded than at 
another, and confequently heavier; but this latter dc» 
pends in a great mrafure upon the former. Now, from 
thefe principles, I (hall endeavour to explicate the feve* 
ral phenomena of the barometer, taking them in the fame 
order I have laid them down. Thus, 

I. The mcrcury*s being low inclines it to rain, becaufe 
the air being light, the vapours are no longer fupported 
thereby, being become fpecifically heavier than the 
medium wherein they floated ; fo that they defcend to- 
wards the earth, and, in their fall, meeting with other 
aqueous particles, they incorporate together, and form 
little drops of rain: but the mercury's being at one time 
lower than another, is the efFed of two contrary winds 
blowing from the place where the barometer ftands; 
whereby the air of that place is carried both ways from 
if, And confequently the incumbent cylinder of air is di*- 
minifbed, apd accordingly the mercury finks : as, for in« 
fiance, if in the German ocean it fliould blow a gale of 
wefterly wind,, and, at the fame time, an eafierly wincl 
in the Irifti fca; or if in France it fhould blow a north- 
erly wind, and in Scotland a foutherly ; it muft be grant* 
ed, that that part of the ^tmofphere impendant over Eng* 
land would thereby be exhaufted and attenuated, and the 
tnercury would fubfide, and the vapours which before 
floated in thefe parts of the air of equal gravity with 
Ihemfelves^ would fink to the earth. 

a. The 
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ft. The greater height of the barometer is occafioned 
by two contrary winds blowing* towards the place of ob- 
fervation, whereby the air of other places is brought thi- 
ther and accumulated ; fo that the incumbent cylinder 
of air being increafed both in height and weight, the 
mercury preffed thereby muft needs ftaad high, as long 
as the winds continue fo to blow; and then the air being 
fpecifically heavier, the vapours are better keptfufpend- 
ed, fo that they have no inclination to precipitate, and 
fall down in drops ; which is the reafon of the ferene 
good weather which attends the greater heights of the 
mercury. 

3. The mercury finks the loweft of all by the very 
rapid motion of the air in ftorms of winds. For the 
trafi or region of the earth^s furface, wherein the winds 
rage, not extending all round the globe, that ftagnant 
air, which is left behind, as likewife that on the fides, can- 
not come in fo faft as to fupply the evacuation made by 
fo fwift a current ; fo that the air muft necefiarily be at- 
tenuated when and where the faid winds continue to 
blow ; and that more or iefs according to their violence: 
add to which, that the horizontal motionofthe air being 
lb quick, may in all probability take offfome part of the 
perpendicular prelTure thereof ; and the great agitation 
of its particles is the reafon why the vapours are diifi- 
pated, and do not condenfe into drops fo as to form 
rain, otherwife. the natural confequence of the air's rare* 
fa£tion, 

4. The* mercury Hands higheft upon the eafterly and 
north- eafterly win4; becavtfe in the great Atlantic 
ocean on this fide the thirty -fifthdegreeof north lagtitude, 
the winds are almpft always wefterly or fouth-weftcrly ; 
to that whenQ\cr here iHac^mtK/ippmp^ up at eaft and 

north- 
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aortli-eaft, it is fore to be checked by tiontftflry gite as 
iboo as it reaches the ckrean: wherefore, according to 
our lecond remarky tiie airmuft need$)>e heaped ov^ this 
UUniy and confequently the mdircury muft ftand hi^, 
16 often as thefe winds blow. This holds tfue in this 
country : but is iibt a general rule ifor others, where thi 
iriikb are under diffici^ent circumftances 7 and I hairt 
iSimetimes feen the mercury here fo low as tn^enty^niht 
inches iipon an eafterly wind ; but then it blew exceed* 
ing hard ; and ib coifnes to be accoui^ted for by what was 
0bferved in t&e third remark* 

5.1n calm frofty weather the mercury generally ftands 
IMgh; becaufe (as 1 conceite) it^ fddom freezes, but 
Hrhen the winds corneous ^the northern and north*-ealb» 
eni quarters^ ^ a4^ l^aft unfefs thofe winds blow at n4 
gresit dkfeance o§^ \ Fdr tbs Hofth pa)rts of Germany^ 
Denmark, Sw^eden> Norway, and aU' that traA f rotH 
whence north-^eaftei-Br-winds come, are fiibjeA to almoft 
continual froll^an tho'Winter : and thereby tkt lower aif 
M Y^ iliuch c6hdeftftd, and i» Aat ftate is^ brought hi;^ 
tk€k*waFd by Ootb Wind^ and^-b^ng accui^ulated hf 
tikt c^ofitioil^of theWcAetly wind blowing in die ecdaii^ 
the mel^^stffy iikift^ne6ds>be' preft^o a more tibaii ordinary 
fteight; a^d «^ afconcurring catlfi^ th# (hrinking of tluf 
tower parts of the At iiUx> lefler room by coldjmuft needs 
eaufe afdefcent of the uppelr parts of the atro6fphere,.to 
Ttducethe^cavitym«^by: this ooAtraftioa to an e^ui« 
librium, 

6. A(^rgM«Ail^ittfi9iWhett^#id^ittHrj^ 
fow, it>geheraUy- rifelih>^in'ye#y fkft; I ohce obftrvtd 
It t^rUe^nef iddl aiad'sFhi^f id leTsAaAfiic hoor^ afw 
t&'rlongcoQdlQiliMJIIbm'orfcHik^ Thei^a^ 

feft isi beeattfe «b# tii'lMil&g^Ttfit «adi Aittfi^d by> th# 

great 
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great evacuations which luch continued ftorms make 
thereof, the neighbouring air runs in the more fvviftly 
to bring it to an equilibrium. ; as we fee water runs the 
fafter for haying a greater declivity. 

7. The variations are greater in the more northerly 
places; as at Stoi^kholm greater than at Paris (^compared 
by M.Pafcball) becaufe the more northerly parts have 
ufiially greater florms of wind than the more foutherly, 
whereby the mercury ftiQuld fink lower in that extreme ; 
and theathe nqrtherly winds bringing in the more denfe 
and ponderous air from the neighbourhood of the pole^ 
and thai again being checked by a foutherly wind at no 
great diftance, and fo heaped, muft of neceffity make the 
mercury in fuch cafe ftand higher in the other extreme. 

8. Laftly, this remark. That there is little or no varia- 
tion near the equinodial, does, above all others, confirm 
the hypothefis of the variable winds being the caufe of 
thefe variations of the height of the mercury ; for in the 
places above-named, there is always an eafy gale of wind 
blowing nearly upon the fame point, viz. £. N. £. at 
Barbadoes, and £. S. £• at St. Helena; fo that there 
:being no contrary currents of air to exhauft or accumu- 
late it, the atmofphere continues inuch in the fame ftate : 
however, upon hurricanes, the moft violent of ftorms, 
the 9a<^rcury has been obferved very low; but this is but 
once in ti\o or three years ; and it foon recovers its fet- 
tled llate, abq^t 29I inches. 
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To Jill the Barmeter Tube. 

IN ordcLrto fill a barometer tube to the greateft per- 
fcAion, it is neccffary to obfcrve the following rules : 
I • That the tube be at Icaft one fourth of an inch bore ; 
but one third of an inch is better. 2. That the tube 
ought to be new, and clean within when filled. In order 
to this, the tube fhould be hermetically fealed at both 
ends, at the glafs-houfe when made ; one end of which 
may be cut off with a file when you ufc it. 3. The dia- 
meter of the ciftern that holds the mercury, in which die 
tube is immerfed, Ihould be as large as conveniently may 
be, that the mercury therein niay have nearly at all timet 
the fame altitude ; otherwife the index will not be true. 
4. The mercury muft be pure and free from any mix- 
ture of tin, lead, or other metal. 5. It ought to be 
purged from air entirely, as it may be by boiling it, and 
filling the tube with it, while boiling hot, nearly. 6. 
The tube mUft be heated hot when filled, to avoid break- 
ing by the boiling mercury. 7. It fhould be rubbed 
very hard, to excite the ele£tric ^irirtue, which will ex- 
pel the particjes of air from the furface within. 

Then take the tube, fig. 7, and nearly fill the ball 
Pig. 7- with mercury ; after which, place the thumb of your 
right hand upon the end A, and the fore-finger of your 
left upon the end fi,holdingit downwards, and fhaking 
it endways, the mercury will run into the tube until it 
be quite filled ; you may then turn it as in the figure, 
and the mercury will fink in the tube to B, which will 
be 29I inches from the furfaceof the mercury in the ball 
at A, if the preffure of the atmofphere at that time be 
at changeable, as at Fig, 6, N, B. If any air bubbles 

, (hould 
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(hould happen to be left in the tube after it is filled, 
you muft invert it, and place yctur thumb and fore- 
finger as before, and gently knock the end B with your 
finger underneath it, upon a table, while all the air- 
bubbles have rifen into the ball, then it is perfect ; but 
this operation is never necefiary, but when the bore of 
the tube is toofmall. 



Fig. 8. 



7%e Diagonal Barometer. 

AB C, fig, 8, is a tube fealed at C, immcrfed in mer- 
cury at A : this tube is perpendicular from A to B, 
where the fcalc of variation begins ; from thence it is 
bent into C B, This part B C proceeds to the higheft 
limit in the fcale of variation, viz, I C ; and confe- 
quently while the mercury rifes from C to I in the 
common barometer, it will move in this from B to C; 
and fo the fcale will be by this means enlarged in th« 
proportion of 6 C to I C. 

However, this form being fubjeft to a great degree of 
fr^ion, on account of the obliquity in the part B C ; 
which inclination makes the quickfilver frequently di- 
vide into feveral parts, requires the trouble of filling th« 
tubes anew too often. 



The Horizontal Re^angular Bar^eii 



CONSISTS of a tube A C D F, fig. 9, fealed on the p.^ ^ 

upper end A, and bent to a right-angle at D, whence it 

has the name of the horizontal reftangular barometer. 

The mercury ftands in both legs from E to C. The 

T 2 fcale 
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fcaia of variation from I>to P, is here made of a larger 
part, and then it is evident, in moving three inches from 
A to C, it will moveArough fo many tirhcs 3^ inches 
in the fmall leg D F, as the bore bf I> F is Ibfs* thad 
the bore of A C, v^hdiice the motion of the mer-ciify at 
E muft be extremely ftniible. ' This form is liable to 
the like exceptions, as remarked in that of fig, 8 ; and, 
befidcs a great degree of friftion, and the frequent 
breaking ofFof the mercury in the leg E, the part D F 
being a very fmallbore,the free motion of the mercury 
therein muft be impeded by the attraflion of coh^fion* 



l^hc Wheel Barometer. 

,5g, 10. A, fig. 10, r^prefents the qtuckfilvcf in a glaft tube', 

hiving a large round head or ball, and turned up at bot- 
tom B; upon the furface of the mercury in the rccurv6d 
leg, there is then placed a (hott glafs tube loadfed with 
mercury, with a firing going over a pulley, arid is ba- 
lanced by another weight hanging freely in the air. As 
the furface at A is very large, and that at B very fmall, 
the motion of the quickfilver, arid cohftquently of the 
ball A, will at bottom be very confiderable ; but as the 
weight moves up and doWn, it turns the pulley, and 
that a hand or index ; and by the divifions of a large 
graduated circle, the minuteft variations of the air are 
plainly fhewn, if the inftrument be accurately made, 
and the fri&ion of the feveral parts be inconfiderable, 

ForTefining mercury, &c. fit for the above ufe, fee th 
MifccUaneous Articles. > \ 



\ 
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11%e Air-Gun. / 

THIS ];>ncfumatical inftruoiettt is an ingeflious con- 
trivance, which will drive a bullet with great violence, . 
by means of COiidcnfcd Air, forced into an iron ball, by 
a condenfer (reprefented Fig. 11.) At the end a of this ^»K- »«• 
inftniment is a male fcrew, on which the hollow ball b 
is fcrewed, in ordef to be filled with condenfed air. la 
the infide of this ball is a valve, to hinder the air after it 
is injected from rtiaking its efcape, until it be forced 
open by a pin, againft which the hammer of the locfc 
ftrikes(as at a. Fig. 12.) ; which then lets out as much 
air as will drive a ball with corifidcrable force to a great 
diftancc. 

When you cdrideiift the air in the ball, place your 
feet on the iron crofs h h, to which the pifton rod d e it 
. fixed ; then lift up the barrel c a, by the handles i 1, 
until the pifton at e be brought between o and c ; the 
barrel a c will then be filled with air through the hole 
o from o to a. Then ^thruft down the barrel a c by 
the handles i i until the pifton e join with the neck of 
the iron ball at a ; the air being thus condenfed between 
o and a will force open the valve in the ball, and when 
the handles ii are lifted up again, the valve will clofc 
and keep in the air : fo by rapidly continuing the ftrokes 
\3p and down, the ball will prefently be filled; after 
which unfcrew the ball off the condenfer, and fcrew it 
upon another male fcrew which is connefted with the 
barrel, and goes through the ftock of the gun, as repre- 
fented at b. Fig. 12. I have frequently inje£tcd i% 
dwts. of air into a ball 3J inches diameter, with which 
I difcharged 15 bullets with confiderable force. * 

The 
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There are many contrivances, in conftrufting air- 
guns : fomehave a fmall barrel contained within a large 
one ; and the fpace between the two barrels ferves for 
the reception of condenfcd air. In thefe fort a valve it 
fixed at a, Fig. 1 2, with a condenfer fixed to the barrel at 
a and continued through the but-end to c, as a c, Fig. i r, 
where the pifton rod may be always left in ; and when 
iifed, an iron pin, one foot long, may be put through the 
hole d. Place your feet on the pin, and the whole gun 
ferves inftead of the handles i i, Fig. 1 1, to condenfe the 
tir in the barreU 

The magazine air-gun differs from the common one, 
only by having a Terpentine barrel, which contains lo 
or 12 balls ; thefe are brought into the (hooting barrel 
fuccefiively, by means of a lever ; and they may be dif- 
charged fo faft sis to be nearly of the fame ufe with fo 
many different guns. * 



HYDRAU- 



HYDRAULICS, 



AND 



HYDROSTATICS. 



DEFINITIONS. 

X. T T YDR AULICS it the fcicnct of fluids, particur 
Xn larly of water, with a fpccial attention to artifi-^ 
cial water-works; and to the laws and motion of fluid 
bodies. 

HYDROSTATICS explaih the equilibrium of 
fluids, or the gravitation of fluids at reft ; and upon re* 
moving that equilibrium, motion enfues : and here hy* 
draulics commence. 

/!i^^«ar&i, therefore, fuppofes Hydroftatlcs; which in- 
Juces me to begin this Treatife with Hydroftatlcs. 

2. A Sypbon is a bended tube, as reprefented Plate IX. 

3. A valve is a fort of flap or cover, fixed to a pipe 
or other body, which, by opening one way only, fuffen 
the water to pafs, but not to return. 

4.A 



Kote. 
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'4, A Pijion is a fmall cylinder faftcned to the end of a 
rod, and fitted to the bore of a pipe or hollow cylinder ; 
and frequently contains a v$ilv^. 

5, The Hy^ometer is an inftrumcnt conftruftcd to find 
the (pecific gravities of fluids, as Fig. 2, 

6, T\itHy4roftattchalafice i^coxiUvioi^^to&itviiht fpe- 
cific gravities of fluids, and of folids, by weighing them 
in fluids. 



AP.HO1RISM.S. 

I. WATER is ,a £cjcntlefs, tranfparent, colourlefs 
.flnid, .whidiy mth ajcertaiadcgrqe of cold, tyrns to ice. 

Though fluidity is commonly regarded as an cflen- 
tial property of water, yet many philofophers, particu- 
ilarly £^ and, BoerAaazfy confiderit as an adventitious 
circiimilaixce,prQdttced by a certain degree of heat; and 
afiert . its natural ilatc^ to , be that of .chry ftalline, as 
when in ice. 

^^ Water is one of the cpnftituent parts of all bodies : 
this is proved bfy :dii|ilIaUon ; .(or the dryeft wx>ods, 
earths, bones, and ftones pulverifed, conftantly yield a 
certain ;|juantity plwaxer. 

3. All fluids, except air, are incomprefliblc, 

.4. Though water. is lefs tranfparent. than air, it is 
more penetrative, as. it ^(villperYadje: bodies that air .will 
/not : this 13 evident from paffing through the pores of a 
bladder, 

5. Water 
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If, Water diffolves fomc bodies, at falts, and conglu- 
tinates others, as bricks, flones, benes, &c» 

6* Water in its natural ftatc contains the three other 
elennients, fire, earth, ahd air. 

We haye already faid that water owes its Hnidity W 
heat, and it is evident from many experiments with the 
air-pump, that it contains no fmali quantity of air ; and 
the fediment that is found in all water, except that which 
is diftilled, always contains a qtianftity of earth. From the 
laft element it is fuppofed that plants deriye all the nou* 
rifhment they' receive by means of water. 

7. The water, in feveral tubes that communicate with 
each other, will ftand at the fame height in all of them, 
whether they be fmall or great, perpendicular or oblique* 

8. The furface of water contained in a veflel will al- 
ways be even, and parallel to the horizoh r but in large 
bodies of water, as the fea, or great lakes, the furfatc 
will not be plain, but fpherical, as making a part of the 
terraqueous globe* 

9* In B veflel of water the preifure of the upper parts 
on the lower, is in proportion to the depth ; and is the fame 
at the fame depth, whatever be the ihtnttex of the vclTeL 

10. The preflure of a fluid upward is equal to its pref- 
fure downward, at any given depth. 

i I • The bottom and fides of a veflel are prefled by the 
fluid It contains, in proportion to its height, without any 
regard to the quantity. 

No. X* U 12. If 
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12, If fluids of different gravities be contained in^e 
fame vefiel, the heavieft will be atbottoniy the lighteft at 
top, and the reft in proportion to their fpecific gravities. 

13, A body that is heavier than an equal quantity of a 
fluid, will link in that fluid ; if it be lighter, it will fwim 
^t the top; but if it be of the fame gravity, it will neither 
link norfwijxiy but remain fufpended in any part of that 
fluid. _ ' 

14, A folid immerlcd in a fluid is prefled by that fluid 
on all fides, in proportion to the height of the fluid above 
the foHd. Bodies very deeply immerged may be confi* 
dered as equally prelTed on all fides. 

. 15. Every Iblid immerfcd in a fl:ttid, lofcs fo much of 
itswQighti^ as is equal to the weight of a quantity of 
that fluid of the fame dimenfion with the folid. 

1 6. The fluid acquires the weight the folid lofes* 



Of JFluiStj. 

Sir Ifaac Newton's clefinltion of a fluid is, That it is a 
hody yieUing to ary force imprejfei^ and which has its fartS 
very eafily moved one among another • 

It muft here be remarked, that this definition fuppofes 
the motion fpoken of, produced by a pattial preflur^ ; fof 
in the cafe of an incpmpreflible fluid, it is demonftrated 
by Dn jQri^ that under a total or an equal preflure> it 
would be impolfible the yielding body fliould move. 

The 
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The original and conftituent parts of fluids are by the 
moderns conceived to be, particles fmall, fmooth, hard^ 
and fpherical ; according to which opinion, every particle 
IS of itfelf a folid, or a fixed body ; and when confidered 
iingly^ is no fluid, but becomes fb only by being joined 
with other particles of the fame kind. 

' rris probaUe that the particles of fluids are exceeding 
fmall, becaufe their texture has never yet been difcovertd 
by the fineft microfcope. We judge them to be (moothy 
becaufe they are found eafily to glide one over another; 
hard and impenetrable, becaufe no fluid we are acquainted 
with, the air excepted, is capable of comprefEop : we 
conceive tfiem to be fpherical, that they may only touch 
in fome points of their furfaccj ; and fo not onljr may be 
the more eafily moved, but alfo form interftices or va-? 
fancies between them, which may be proved. 

Were fluids not compounded of primary particles, 
formed as above, but made up of one homogeneous fub* 
ftance, without conflftence equally denfe, there would 
be no difference in their fpecific gravity ; and all fluids 
would be of the fame weighty bulk for bulk; which is 
contrary to experienc^i^ 

That fluids have vacuities, will appear upon mixing 
fait with water, a certain quantity whereof will be dif- 
folved, and thereby imbibed, without enlarging the di- 
mcnfions. A fluid's becoming more buoyant, is a certain 
proof that its fpecific gravity is incrcafed, and of confer 
quence, that many of its vacuities are thereby filled j after 
which it may^ftill receive a certain quantity of other dif- 
ibluble bodies, the particles whereof arc adapted to the 

U 2 vacancies % 
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vacancies remaining^ without adding any thing to its 
bulk, though the abfolutc weight of the whole fluid be 
thereby increafed. This might be detnonftratcd by weigh- 
ing a phial of rain water, critically, with a nice balance i 
pour this water into a cup, and add fait to it: refund of 
tlic clear liquor what will again fill 4Jie phial; an in- 
crcafc of weight will be found under the fame dimenfions, 
from a repletion, as has been faid, of the vacuities ithe 
•freOi water with faline particles.. 

And as fluids have vacuities, or are not perfeftly denfe, 
St is alfo probable that tjaey are compounded of fmall 
.Ipheres of different diameters, whofe interftices may be 
fuceeffively filled with apt materiaU for that purpofe : and 
the fmaller thefe interftices arc, the greater will the gra.'i 
vity of the fluid always be. 

For inftance : Suppofc a barrel be filled with bullets in 
the rooft compaft manner, a ^reat many fmall fliotmay 
afterwards be. placed in the interftices of thofe balls; the 
vacuities of the fhot may then be replenifhed with a cer- 
tain quantity .of fea fand.; the interftices of the fand may 
again be. filled with water; and thus may the weight of 
J the barrel be greatly augmented, without increafing the 
general quantity : now this being true with regard to fo- 
lids, is applicable alfo to fluids. For inftance, river-water 
will diffolve a certain quantity of fait; after which it will 
receive a certain quantity of fugar, and after that a cer- 
tain quantity of alum, and perhaps other diflbluble bo- 
1 dies, and not increafe its firft dimenfions. 

Was all fpace abfolutely full of matter, this matter muft 
either be fluid or fixed. Was it fixed, there could poflibly 

be 
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be no motion therein, as is plain both from reafon and 
experience ; it muft therefore be fluid. But a fluid with- 
out vacuities wHl be dcnfer, and conpfequently heavier, 
than all fluids ; and if dcnfer, all bodies will emerge, and 
fvvim therein, by hydroftatical laws.; nor could there be 
fuch a thing as gravity. But as gravity cannot be de- 
fied, all fpace therefore cannot be filled, even with a fluid, 

Borelli has demonftrated, that the conftitucnt parts of 
fluids are not fluid, but confiftent bodies ; and that the 
elements of all bodies are perfeftly firm and hard. The 
incompreflibilitj of water, proved by the Florentine expe- 
riment, is afuflScient evidence alfo, that each primary par- 
ticle oV fpecklc thereof is a perfeft and impenetrable fdlid. 

This famous experiment was firft attempted by the 
great Lord Verulam, who inclofed a quantity of water in 
lead, and found that it inclined rather to make its way 
through the pores of the metal, than be reduced to lefs 
compafs by any force that could be applied. At Flo- 
rence this experiment was afterwards made more accu- 
rately .with a globe of filver: this being filled with water 
and well clofed, was gently prefTed ; upon which a fmall 
quantity of water iflued from the globe in form of dew. 

Sir Ifaac Newton and others have attempted it Cnce with 
globes made of gold and other metals, and with equal 
fuccefs, Mr. Canton has obferved in fome experiments 
made by him, that the difi^erent ftate of the air makes 
water to be compreflcd at fome times more than at 
others : but though naturally it may be thus aflTeftcd, we 
cannot by any artificial method comprefs it; for as foon 
as the cold is over, it will return to its former bulk. 

Tie 
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7'bc Hydrojiatk Balance. 

THOUGH the hydrometer is the moft convenient in« 
ftnimcnt for mcafuring the fpecific weights of fluids, yet 
for a mcafurc of the fpecific gravity of all fubftances, 
we muft have recourfc to the hydroftatic balance : whicK 
is conftruftcd in various forms ; but we fhall content our- 
fclvcsherc with defcribing that which appears of all others 
the moft accurate, 

flite a. V C G (Plate IX. fig. i.) is the ftand or pillar of this 
* *' hydroftatic balance, which is to be fixed in a table. From 
the top Af hangs, by two filk firings, the horizontal bar 
B B, from which is fufpended by a ring i, the fine beam 
of a balance b : which is prevented from defcending too 
low on either fide by the gentle fpringing piece 1 x y ?» 
fixed on the fupport M. The harnefs is annulated at P, 
to fhow diftin Aly the perpendicular pofition ci the exa** 
men, by the fmall pointed index fixed above it« 

The firings by which the balance is fufpended,' paffing 
over two pullies, one on each fide of the piece at A, go 
down to the bottom on the other fide, and are hung over 
the hook at v ; which hook, by means of a fcrew P, is 
moveable, about one inch and one quarter, backward and 
forward, and therefore the balance may he raifed or de- 
preffed fo much. But if a greater elevation or depreflion 
be required, the flidingpiece S, which carries the fcrew P, 
is readily moved to any part of the fquarc brafs rod VK> 
And fixed by means of a fcrew* 
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The motion of the balance being thus adjnfted, the reft 
of the apparatus is as follow : H H is a fmall board, fixed 
upon the piece D, under the fcales d and e, and is move* 
able up and down in a long ilit in the pillar above C> and 
iaftened at any part by a fcrew behind. From the point 
in the middle of the bottom of each fcale hangs, by a fine 
hook^ ^, brafs wire ad and a,c; thefe pafs through two 
holes m m, in the table. To the wire ad is fufpended a 
curious cylindric wire r s, perforated at each end for that 
purpofe : this wire r s is covered with paper, graduated 
by equal divifions, and is about five inches long. 

• In the corner of the board at E, is fixed a brafs tub^ 
on which a round wire h 1 is fo adapted as to move neithef 
too tight nor too free, by its flat head L. Upon the lower 
]>art of this moves another tube Q, which has fufficient 
friftion to make it remain in any pofition required; to 
this is fixed an index T,. moving horizontally when the 
wire hi is turned about, and therefore may be eafily fet 
to the graduated wire r s. To the lower end of the wire 
ts hangs a weight L, and to that a wire pn, with a fmall 
^rafs ball g, about a quarter of an inch diameter. On the 
other fide, to the wire a c, hangs a large glafs bubble R^ 
hj a horfe-hair. 

Let us firft fuppofe the weight L taken away, and the 
wire pn. fufpended by S; artd on the other fide, let the , 
bubble R be taken away, and the weight F fufpended at 
c, in its room. This weight F we fuppofe to be fufficient 
tokecp the fcveral parts hanging to the other fcale in equi- 
librium ; at the fame time that the middle point of the 
wire p n is at the furface of the water in the velTel N. 
The wire p n is to be of fuch a fize, that the length of 

one inch ihall weigh four grains. 

Now 
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The motion of the balance being thus adjnfied, the reft 
of the apparatus is as follow : H H is a fmall board, fixed 
upon the piece D, under the fcales d and e, and is move* 
able up and down in a long flit in the pillar above C, and 
iaftened at any part by a fcrew behind. From the point 
in the middle of the bottom of each fcale hangs, by a fine 
hookj ^ brafs wire ad and a,c; thefe pafs through two 
holes m m, in the table. To the wire ad is fufpended a 
curious cy lindric wire r s, perforated at each end for that 
purpofe : this wire r s is covered with paper, graduated 
by equal diviiions, and is about five inches long. 

* In the corner of the board at E, is fixed a brafs tube, 
on which a round wire h 1 is fo adapted as to move neither 
too tight.npr too free, by its fiat head L. Upon the lower 
]>art of this moves another tube Q, which has fufficient 
friftion to make it remain in any pofition required; to 
this is fixed an index T,. moving horizontally when the 
wire hi. is turned about, and therefore may be eafily fet 
to the graduated wire r s. To the lower end of the wire 
ts hangs a weight L, and to that a wire pn, with a fmall 
brafs ball g, about a quarter of an inch diameter. On the 
other fide, to the wire a c, hangs a large glafs bubble R, 
by a horfe-hair. 

Let us firft fuppofe the weight L taken away, and the 
wire pn. fufpended by S; artd on the other fide, let the , 
bubble R be taken away, and the weight F fufpended at 
c, in its room. This weight F we fuppofe to be fufficient 
to keep the feveral parts hanging to the other fcale in equi- 
librium ; at the fame time that the middle point of the 
wire p n is at the furfacc of the water in the vefTel N. 
The wire p n is to be of fuch a fize, that the length of 
one inch ihall weigh four grains. 

Now 
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Vcnr It is cTiden^fince bra& is eight tifncs heavier tliaii 
itatety that for every itch the wire finks in* the water it 
wtU becctnehalf a grain lighter, and half a grain hearrref' 
for every inch it rifei out of the waler : confequentty hj 
finbing two inches bebw the middle point, or rifing two^ 
inches above i^ the wire will become one grain lighter or 
heavier* Therefore, if when the middle point is at the 
fnrface of the water in eqnflibrium, the index T be let ta 
the middle point a of the graduated wire rs, and thedif^ 
tance on each fide a r and a s ccmtains a hundred eqnal 
parts; then, if in weighing bodies the weight is required 
to the hundredth part of a grain, it may be eafily had by 
proceeding in the following manner : 

Let th^e body to be weighed be placed in the fcalc d. Put 
the weight X in the fcale e, and let this be fo determined 
that one grain more fhall be too much, and one grain lefs 
too little. Then the balance being moved gently up or 
down, by the fcrew P, till the equilibrium be nicely (hewn 
at o ; if the index T be at the middle point a of the wire? 
r s, it fhews that the weights put into the fcale c, arc juft 
equal to the weight of the body. By this method we find 
fhe abfblute weight of the body; the relative weight ia 
found by Weighing it hydroftatically in water, as follows : 

Inftcad of putting the body into the fcale e, as beforej 
let it hang with the weight F, at the hook c, by a horfe-* 
hair, as at R, fuppofing the veflel O of ivater were away^ 
The equilibrium being then made, the index T ftanding 
between a and r, at. the thirty-fixth divifion, Ihews tha 
weight of the body put in to be 1095^36 grains* As it 
thus hangs let it be immerfed in.the water of the veffcl O, 
and it will become much lighter : the fcale e will defcend 

tiU 



ifAl the beam a^ the balance reft on th« fupport s. Then 
foppoA I00>graki»put in ths fcaied, reftore thctqutli* 
bri%im precifely, fa than tha kdex T ibind attbe thirty** 
fixth dwifion above a ; it i» evidehC that tkv weight of 
an equal bulk d wacer wouM, in tbit cafe^ be exaftly 
too grains. 

After m tike manner this balance may be applied to find 
lltt fpeeific gravities of fluids ; as is eafy to cenceire from 
what has been faid. 



The Hjdrmnetir. 

THIS is the moft eligible of all inftruments for finding 
die {pectfic gra^i^ of fluids oolj^ as well for eafe as^ex* 
pension. 

The jjixA^ of the hydrometer fhould be n»de of copper^ 
for mry imbibee fpiritaou» Kquors, and thereby alters 
thehrgtarity; and g^s requires an attention that is in- 
compatible with expedition.. The moft fimple hydro* 
meter coniifts of a copper ball B b, to which is foldered a Jl»^ l^t 
brais wirti-A B, one quarter of an inch thick. The upper 3. 
partof shns wire being filed flat, is marked fro$fy at m, 
fig. 3^ becaufe it finks exadly to that mark in proof 
^nrits. There are two other marks at A and B, fig. 2, to 
ihew whether the liquor be one-tenth above, or below 
proof, accordtag as the hydrometer finks to A, or emerges 
t6 6, wbeiii a bf aft weight, as C or K, ia fcrewed to its 
bottom c. There arc other weights to fcrew on, which 
fhew the l^pedfic gnurky of different fluids^ quite down 
to eQmnK>a water* 
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The round part of the wire above the bally may bff 
marked fo as to reprefent river water when it finks to 
R W, fig. 3, the weight which anfwers to that water being 
then fcrewed on; and when put into fpring water, mi- 
neral water, fea water, and water of fait fprings, it will 
gradually rife to the marks S P, M I, S E, S A; on the 
contrary}, when it is put into Briflol water, rain water, 
port wine, and mountain wine, it will fuccefHvely fink 
to the marks b r, r a, p o, m o. Inflruments of this kind 
are fometimes called areometers. 

There is another fort of hydrometer that is calculated 
to afcertain the fpccific gravity of fluids to the greatefl 
precifion pofTible, and which confifl^ of a large holloAV 
F»«- 4- ball B, fig. 4, with a fmaller bolt b fcrgj^d on to its 
bottom, partly filled with mercury, or fmall fhot,in order 
to render it but little fpecifically lighter than water. The 
larger ball has alfo a fhort neck at C, into which is fcrewed 
the graduated brafs wire A C, which, by a fmall weight 
at A, caufes the body of the inflrument to defcend in the 
fluid with part of the flem. 

When this inflrumcnt is fwimming In the liquor con- 
tained in the jar I L M K, the part of the fluid difplaced 
by it, will be equal in bulk to the part of the inflrument 
under water, and equal in weight to the whole inflrument. 
Now, fuppofe the weight of the vyhole'to be 4000 grains, 
it is evident we can by this means compare the different 
dimenfions of 4000 grains, of fevcral ferts of fluids. For 
if the weight at A be fuch as will caufe the ball to fink 
in rain water, till its furface comes to die middle point 
of the flem 20; and after that, if it be immerfed ia 
common fpring water, and the furface be obferved to fland 

at 
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at one*tenth of an inch below the middle point 20»^ it 
is apparent that the fame weight of each water differs 
only in bulk, b^ the magnitude of one-tenth of an inch 
in the ftem. 

Now, fuppofe the ftem to be ten inches long and weigh 
100 grainy then every tenth of an inch will weigh one 
grain; and as the ftem^is gf brafs, wiMch is about eight 
times heavier than water, the fame bulk of water w^ill be 
equal to one-eighth of a grain, and confequently to the 
pne-eighth of one-fourth thoufandth part ; that is, one- 
ihirty-fecond thoufandth part of the whole bulk* This 
ini^ument is capable of ftill greater precifioil, bj making 
the ftem or neck coniift of a flat thin flip of brafs, inftead 
x>f one that is cylindrical ; for by this means we increafe 
the furfaop^ which is the moft requifite circumftance, 
and diminifh the folidity, which neceflarily renders the 
inftrument ftill more accurate. 

To adapt this inftrument to all purpofes, there fhould 
be two items to fcrew on and off, in a fmall. hole.at a. 
One ftem fhould be a fmooth thin flip of brafs, or rather 
fteel, like a watch-fpring fct ftraight, fimilar to that we 
have juft mentioned, on one fide of which is to,be the 
feveral marks or divifions to which it will fink in different 
forts of water ; as rain, river, fpring, fea, and fait fpring 
waters. &c» and on the other fide you may mark the di- 
vifions to which it finks in various lighter fluids ; as hot 
Bath water, Briftol water, Lincomb water, Cheltenham 
water, Port wine. Mountain, Madeira, and other forts of 
wines. But here the weight at A, on the top, muft be a 
little lefs than before, when it was ufed for heavier waters. 

X 2 But. 



/.N 



L 



156 SX INTRDDUCTiaBI TO 

Bnt in trjiog the ilrangdi of ((he fptritnons liqttore, a 
CDflamaQJcylindrtc ftem wiUdohefl^ becaufe of its ftren^tli 
and fteadbiofs : Bad tlut ought to be fo cc^trivved* diat 
* when immcrfcd in what is called proof fpirit, the fur&oc 
of the fpirit may be upon the middle point 20 ; which is 
««fily done "by duly tidjuftingthc fmall weight A, on the 
top, and making the ftcni-of ftich a length, that whenim^ 
'fnerfed in ^vater, «it'may juft eover the ball and rife to a^ 
%ut when immerfcd in pure fpirk, it may rife to the top 
A* Then by dividing the upper -and lower pans A 20, 
and a.lO» into ten equal -pans^each, when the inflrument 
^••immerfed in *any Ibrtof fpirituous liquor, it will im* 
aedtttely fliew how much it is -above or below proof. 

Proof Ipirk confifls off half water and half pure fpiril % 
4hart M,^fuch as when poured on gunpowder and fet on fire, 
•will burn all away; and permits l!he powder to take fire* 
and flafh, as in open air. But ifthcipirtt be not fo highly 
ledified, there will remain fome water, which will make 
'the powder wet, and unfit to take -fire. Proof fpirit of 
-any kind, weighs fevea pounds twelve ouncesper^llon, 

TTie eommon ^nethod ofihaking.the fpirits hiaphialy 
and ratling a head of bubbles, to judge by their manner 
•f ri^ng or breaking, whether the fpirii be proof or neat 
Mt is very fallacioua. There is no way fo certain, and 
at the fame time fo eafy and expeditious, as this by the 
hydronneter : which will infallibly -demonftrate the dif- 
lerence of 4>alks, and confequently the Specific gravities in 
•aqual weights of fpirits, to the thirty, forty, or fifty thou- 
'fandth part of the, wholes which is a degree of aecuracy 
tKx^ne^an wifh to-eaceed* 



My 



USEFUL KNOWLEDGE. tgj 

My friead Mr. Dicas, of Livtrpool, Itas obtained *ki| 
Majefty*8 letters paAeaat ibr ibe coispietcft hjdtooMiet 
1 iiave yel feeo* 

On the Sjpbon. 

IF A fmall fypbon, whofe kgs ar« of «qiaal length, be 
filled with water, and turned downward, the fluid mtl not 
run off, but remain fufpended therein, fo long as it it 
bdd exafily kret : but when ati incflination to either leg 
ii given, whereby one in -effeft is made fliorter than tht 
other, tsbe water wall Ihoot out by the longer leg. 

The air is a fluid, whofe denfity near the furface of the 
catth is experimentally found to be to that of water, at a 
jnedititr, as i to .'850; fo that 850 gallons of air, neartlie 
'Carth, weigh as much as one gallon of water. Now,ac- 
dcordiiig to the nature of all other <fittid bodies, tbe air 
prci[b8.the furface of aU thii^ expoied to it every way 
equally. When tiierefore die kgs of the fyphon, equal in 
kngth, are tarned down» the weight of the atmofpheve 
abore being kept off by the machine, the under air, bear- 
ing againft and repreffiag IJir ^ater, eodcavoiiring to fall 
out of either pf them, with equal force, keepiK it in fuf- 
penfe, and prevents its motion. But when, by inclining 
it to either fide, we in effeft fhorten one of its legs, and 
prolong the other, an advantage is given U> the weightier 
fluid to preponderate or overweigh ; the water then be- 
gins to defcend, and by its continuity brings Away .the 
whole. 

And to obferve how fmall an inclination will ferve this 
fkurpofe, one need only take a couple of jars fvdl of water, 

and 
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and hang a fmall fyphon, whofe legs arc of equal length, 
upon the edge of one ; the external leg whereof will, from 
the floping of the jar, naturally incline a little, and the fy- 
phon will foon begin to afl:, by the attraction of cohefion 
before mentioned ; then taking it on the edge of the other 
jy, the like will immediately happen : and thus recipro- 
cally may the cffcd be produced as often and as fuddenly 
wyouplcafe. * 

And hence the . rc*fpn why in praSice the legs of the 
fyphon are ufually made of unequal lengths ; and why the 
fhorter leg , is put in^o the liqpor, and the fluid decanted 
by the other, will in part appear. 

r«- 5« , It is evident frpm what has been faid, that the two legs 
of the fyphon being of equal length in the plane AB, 
-are there equally repreffed by the atmofphere ; and was 
the crane filled with liquor only to that height, and held 
level, no motion of the fluid would follow, till an advan- 
tage by inclining it fhbuld be given, as before faid. In- 
.ftead of which inclination a length of pipe, of fome inches 
• perhaps, as from B to C in the figure, is commonly added 
.to thefe machines,, which, previous to the operation, is 
. ordinarily filled as well as the reft with a grofs fluid, many 
degrees heavier than a like quantity of air, wherewith it 
is then compared ; by the gravity whereof the oppofite 
fide becomes greatly overbalanced ; and therefore liquors 
. are by this machine ufually decanted with a good deal of 
rapidity. 



Of 
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Of the Syphon difguifed. 

A Syphon may be difguifed in a cup, from which.no 
liquor will flow till the fluid is raifed therein to a certain 
height; but when the efflux is once begun, it will con- 
tinac till the veflel is emptied. For inftance : Fig. 6. is ^*«*^ 
H cup, in the centre whereof is fixed a glafs pipe A, con- ' 

tinued through the bottom at B, over which is put ano- 
ther glafs tube, made air-tight at top by means of the cprk 
at C, but left fo open at foot, by holes made at D, that 
the water may freely tife between the tubes as the cupjs 
jilled. Till the fluid in the cup fhall have gained the top of 
the inmoft pipe at A, no motion will appear : the air, how- 
ever, from between the two pipes, being in the mean time 
extruded, by the rife of the denfcr fluid, and paflingdown 
the inner tube, will get away at bottom, and the water, as 
foon as the top of the inclofcd tube (hall be covered 
thereby, will very foon follow, and continue to rife ia 
this machine, as in the fyphon, till the whole is run o£ 

This is called by fome a Tantalus cup ; and to humour 
the thought, a hollow figure is fomctimes put over the 
inner tube, of fuch length, that when the fluid is got 
nearly' up to the lips of the man, the fyphon may begin 
to a£^, and empty the cup. 

This is in efFeft no other than if the two tegs o( the 
fyphon were both either in the veflel, as in Fig. 7, into p,-, ^. 
which the water poured will rife in the ihorter leg of the 
machine, by its natural preflure upwards,* to its own 
level; and when it fhall have gained the bend of the 
fyphon, it will come away by the longer leg, as already 
Ucfcribed. 

The 
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The Hyjr^atical ParaJoa. 

THE hydroftatical paradox, ai by foiM it k calledp 

depends on the equal preflure of (he parts of fluids every« 

. where at the fame depth. It is this : Any quantity of 

fluid, however froall, tnay be made to counterpcMie and 

fuftain any weig|ht» bow large ibever. 

Fif. t. Let A B D G reprefent a cylindrical veflel,. to the infide 
of which is fitted the cover C, which, by means of leathet 
at the edge, will eafily Aide up and down in the internal 
cavity, without permitting any water to pafs between iti 
edges and the furface of the cylinder. In the covef is ia* 
ferted the fmall tube C F, which is open at top, and com- 
municates with the infide of the cylinder beneath the cover 
at C« The cylinder is filled with water and the cover put 
on. Then, if the cover be loaded .with the weight, fup* 
pofe of a pound, it will be deprefled, the water will rife in 
the tube to E, and the weight will be fuftained. If ano« 
ther pound be added, the water will rife to F, and the 
weight will be fuftained, and fo forth, according to the 
weight added, and the length of the tube. Now the weight 
- of the water in the tube is but a few grains, yet its lateral 
preflure ferves to fuftain as miUch as the weight of a column 
of water, whofe bafe is equal to that of the cylinder, and 
hei^t equal to that in the tube. Thus, the column £ C 
produces a preflure in the water contained in the cylinder, 
equal to what would have been produced by the column 
AadD; and as this preflure is exerted every way equally^ 
the cover will be prefled upwards with a force equal to the 
weight of A a d D ; confequently if A a d D would weigh 
a pounds £ C will fuftain a pound. And the like of other 

heigbtt 
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The motion of the balance being thus adjnfted, the reft 
of the apparatus is as follow : H H is a fmall board, fixed 
upon the piece D, under the fcales d and e, and is move* 
able up and down in a long flit in the pillar above C, and 
£aftened at any part by a fcrew behind. From the point 
in the middle of the bottom of each fcale hangs, by a fine 
hookj 9 brafs wire ad and a.c; thefe pafs through two 
holes m m, in the table. To the wire a d is fufpended a 
curious cylindric wire r s, perforated at each end for that 
purpofe : this wire r s is covered with paper, graduated 
by equal divifions, and is about five inches long. 

• In the corner of the board at E, is fixed a brafs tube, 
on which a round wire h 1 is fo adapted as to move neithef 
too tight nor too free, by its flat head I.. Upon the lower 
{>art of this moves another tube Q, which has fuificient 
fridion to make it remain in any pofition required; to 
this is fixed an index T,. moving horizontally when the 
wire h 1 is turned about, and therefore may be eafily fet 
to the graduated wire r s. To the lower end of the wire 
r 8 hangs a weight L, and to that a wire p n, with a fmall 
brafs ball g, about a quarter of an inch diameter. On the 
other fide, to the wire a c, hangs a large glafs bubble R^ 
by a horfe-hair» 

Let us firft fuppofe the weight L taken away, and the 
wire pn. fufpended by S; and on the other fide, let tlie , 
bubble R be taken away, and the weight F fufpended at 
c, in its room. This weight F we fuppofe to be fufficient 
to keep the feveral parts hanging to the other fcale in equi- 
librium; at the lalne time that the middle point of the 
wire p n is at the furface of the water in the veflcl N. 
The wire p n is to be of fuch a fize, that the length of 

one inch Ihall weigh, four grains. 

Now 
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Upon this principle of the up\Yard preflare of fluids. How lead 
a piece of lead may be made to fwim in water, by im- male to 
mei*fing it to a proper depth, and keeping the water from J^t'"^*" 
getting above it. Let C D be a glafs tube open 
throughout, and E F G aflat piece of lead, exaflly fit- ^^' "* 
ted to the lower end of the tube, not to go within it, but 
for it to Hand upon, with a wet leather between the lead 
and the tube to make clofe work. Let this leaden bottom 
be half an inch thick, and held clofe to the tube, by pull- 
ing the packthread I H L upward at L with one hand, 
whilft the tube is held in the other by the upper end C. 
In this lituation, let the tube be immerfed in water iri 
the glafs veflel A B, to the depth of fix inches below the 
furface of the water at K: and then the leaden bottom 
E F G will be plunged to the depth of fomewhat more 
than eleven times its own thicknefs : holding the tube 
at that depth, you may let go the thread at L, and the 
lead will not fall from the tube, but will be kept to it by 
the upward preflure of the water below it, occafioned 
by the height of the water at K above the level of the 
lead : for as lead is 1,133 times as heavy as its bulk 
of water, and is in this experiment immerfed to a depth 
fomewhat more than I5I33 times its thicknefs, and no 
witer getting into the tube between it and the lead, 
the column of water E a b c G below the lead, is prefled 
upward againft by the water K D E G L all around the 
tube; which water being a little more than 1,133 ^^"^^s 
as high as the lead is thick, is fufficient to balance and 
fupport the lead at the depth K E. If a little water be 
poured into the tube upon ihe lead, it will increafe the 
weight upon the column of water under the lead, 
and caufe the lead to fall from the tube to the bottom 
of the glafs veffel, where it will lie in the fituation b d. 
Or if the tube be raifed a little in the water, the lead 
will fall by its own weight, which will then be too 

Y 2 great 
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great for the preffure of the water round the tube, upon 
the column of water below it. 

How light Let two pieces of wood be planed quite flat, fo as no 
-wood may water may get between them when they are put togc- 
lie at the ther I let one of the pieces, as b d, be cemented to the 
watCT? ° bottom of the veffel A B, and the other piece be laid 
r»fi. it. g^^ ^jjj ^iQ^g upon it, and held down to it by a ftick, 
whilft water is poured into a veffel ; then remove the 
ftick, and the upper piece of wood will not rife from 
the lower one ; for as the upper one is preffed down, 
both by its own weight and the weight of all the water 
over it, whilft the contrary preffure of the water is kept 
off by the wood under it, it will lie as 'ftill as a ftone 
would do in its place. But if it be raifed ever fo little 
at any edge, fome water will then get under it, which 
being afted upon by the water above, will immediately 
prefs it upward ; and as it is lighter than its bulk of wa- 
ter, it will rife and float upon the furface of the water. 

All fluids weigh juft as much in their own elements 
. as they do in open air. To prove this by experiment, 

let as much fhot be put into a phial as, when corked, 
will make it link in water : and being thus charged, let 
It be weighed firft in the air, and then in water, and the 
weiglits in both cafes wrote-down. Then as the phial 
hangs fufpended in water, and counterpoifed, pull out 
the cork, that water may run into it, and it will de- 
fcend and pull out that end ""of the beam. This done, 
put as much weight into the oppofite fcale as will re- 
ftore the equipoife; which weight will be found to an- 
fwer cxaftly to the additional weight of the phial when 
it is again weighed in air with the water in it. 

The vel4)ch:y with which water fpouts out at a hole 
in the fide or bottom of a veffel, is as the fquarc root of 

the 
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The motion of the balance being thus adjnfted, the reft 
of the apparatus is as follow : H H is a fmall board, fixed 
upon the piece D, under the fcales d and e, and is move* 
able up and down in a long flit in the pillar above C, and 
£aftened at any part by a fcrew behind. From the point 
in the middle of the bottom of each fcale hangs, by a fine 
hookj 9 brafs wire ad and a.c; thefe pafs through two 
holes m m, in the table. To the wire a d is fufpended a 
curious cylindric wire r s, perforated at each end for that 
purpofe : this wire r s is covered with paper, graduated 
by equal divifions, and is about five inches long, 

• In the corner of the board at E, is fixed a brafs tube, 
on which a round wire h 1 is fo adapted as to move neither 
too tight nor too free, by its flat head !•, Upon the lower 
J)art of this moves another tube Q, which has fufficient 
fridipn to make it remain in any pofition required; to 
this is fixed an index T,. moving horizontally when the 
wire h 1 is turned about, and therefore may be eafily fet 
to the graduated wire r s. To the lower end of the wire 
r 8 hangs a weight L, and to that a wire p n, with a fmall 
brafs ball g, about a quarter of an inch diameter. On the 
other fide, to the wire a c, hangs a large glafs bubble R^ 
by a horic-hair. 

Let us firft fuppofe the weight L taken away, and the 
wire pn. fufpended by S; and on the other fide, let the , 
bubble R be taken away, and the weight F fufpended at 
c, in its room. This weight F we fuppofe to be fufficient 
to keep the fereral parts hanging to the other fcale in equi- 
librium; at the fatne time that the middle point of the 
wire p n is at the furface of the water in the veflcl N. 
The wire p n is to be of fuch a fize, that the length of 

one inch Ihall weigh four grains. 

Now 
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any part of the diameter to the circumfercnee of the 
femicircle. Thus, if the yeflel A B be full of water^ 
the horizontal pipe D be in the middle of its fide, and 
the femicircle N d c b be defcribed upon D as ac enter, 
with the radius or femi-diameter D g N or D f b, the 
perpendicular D d to the diameter N D b is the longeft 
that can be drawn from any part of the diameter to the 
circumference N d c b. And if the velfel be kept full, 
the jet G will fpout from the pipe D to the horizontal 
diftance N M, double the length pf the perpendicular 
D d. If two other pipes, as C and E, be fixed into the 
fide of the veffel at equal diftances above and below the 
pipe D, the perpendicular, C c and E c, from thefe 
pipes to the femicircle will be equal : and the jets F 
and H fpouting from them, will each go to the horizon- 
tal diftance N K ; which is double the length of either 
of the equal perpendiculars C c or E H. 



OfSiUIion by Machines. 

THE quantity of the air's preffure may be demonftra- 
tcd either by experience on the pump itfelf, or by its 
equipoifing, and at a medium fuftaining 219 and a half 
inches of mercury, a fluid near fourteen times heavier 
than water, in the barometer. And that whereby wc 
know that the air's prefiure on the furface of the fluid 
caufcsthe water to rife in the pump, and become certain 
that it proceeds from no property, power, or efficacy in 
fuftion, is, that in the air, water, and even a fluid fo 
clenfe as mercury, may be raifed by proper machines; 
but if the air's preffure be removed, it cannot be raifed 
at all ; as may be^ fl)cwn by an exhaufting fyrjnge, com- 
monly termed a fucking fyringe, to diftinguifh it from 

a forcing 
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The motion of the balance being thus adjnfted, the reft 
of the apparatus Is as follow : H H is a fmall board, fixed 
upon the piece D, under the fcales d and e, and is move* 
able up and down in a long flit in the pillar above C, and 
£aftened at any part by a fcrew behind. From the point 
in the middle of the bottom of each fcale hangs, by a fine 
hook^ 9 brafs wire ad and a.c; thefe pafs through two 
holes m m, in the table. To the wire a d is fufpended a 
curious cylindric wire r s, perforated at each end for that 
purpofe : this wire rs is covered with paper, graduated 
by equal divifions, and is about five inches long, 

• In the corner of the board at E, is fixed a brafs tube, 
on which a round wire h 1 is fo adapted as to move neither' 
too tight nor too free, by its flat head I., Upon the lower 
{>art of this moves another tube Q, which has fuificient 
fridion to make it remain in any pofition required; to 
this is fixed an index T,. moving horizontally when the 
wire hi. is turned about, and therefore may be eafily fet 
to the graduated wire r s. To the lower end of the wire 
1 8 hangs a weight L, and to that a wire p n, with a fmall 
brafs ball g, about a quarter of an inch diameter. On the 
other fide, to the wire a c, hangs a large glafs bubble R^ 
by a horfc-hair. 

Let us firft fuppofe the weight L taken away, and the 
wire pn. fufpended by S; and on the other fide, let the , 
bubble R be taken away, and the weight F fufpended at 
c, in its room. This weight F we fuppofe to be fufficient 
to keep the feveral parts hanging to the other fcale in equi- 
librium; at the lalne time that the middle point of the 
wire p n is at the furface of the water in the veflcl N. 
The wire p n is to be of fuch a fize, that the length of 

one inch Ihall weigh four grains. 

Now 
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of the water in the well, a preffure not to be excluded 
from the bowels of a body fo porous as the earth, being 
thus fettled, the parts of this machine, with the man- 
ner in which they aft, will next come under confidera- 
tion. 

On the Pump. 

THIS ufeful piece of mechanifm was firft invented by 
Ctefebes^ a mathematician of Alexandria, about 120 years 
before Chrift. When the air's preffure came afterwards 
to be known, it was much improved, and is now brought 
to a great degree of perfeftien. 

Of this machine there arefimply three kinds, viz. the 
fucking, the forcing, and the lifting pump. By the 
two laft, water may be raifed to any height with an 
adequate apparatus and fufficient power : by the for- 
mer, it may by the general preffure of the atmofphcre 
on the furface of the well-water, be raifed no more than 
33 feet, as was before hinted', though in prafllce it is 
feldom applied to the railing it much above 28 ; be- 
caufe from the variations obferved on the barometer, 
it is apprehended that the air may on certain occafions 
be fomething lighter than 33 feet of water ; and when- 
ever that fhall happen, for want of the counterpoife^ 
this pump may fail in its pcrfonnance* 

On the Sucking-Pump. 

Fig?!.* THE common and moftufual pump, confifls of a 

pipe open at both ends, in which there is a Aiding pif- 

ton as large as the bore, which by means of the hand, 

or fome other contrivance, may be moved up and down 

without fuffering any air to come between it arid the 

fides of the pipes; which is alfo called the barrel. 

If 



* Fig. 2. 

Fi'g. I. 



Fig. 



^ig. I. 



Plate X. 
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tf the lower end of this pipe and pifton be put into 
Water, and the pifton, by lifting away the column of up- 
ptr air, a vacuum will be made in the pipe, upon which 
the atinofphere preffing upon the well-water, will force 
it to follow the pifton even to the height of 33 feet, if 
the ftroke could be of that continued length; and if 
there be a valve or clack, fomething like agtrap-dcor, to 
Diut downward, as Fig. 4I9 placed in fome convcfnient ^'^S' «• 
part of the pipe, below the water fo raifed, as at C, 
Fig. I, it will be retained therein ; but if this contri- ^^^' '* 
'vance is wanting, upon letting down the pifton again, 
the water will recede along with it towards the fpring; 
<b that by the motion of the pifton up and down, the 
water indeed might rife and fink in the barrel at every 
ftroke ; but without an upder valve to confine and keep 
it there, none can be drawn for fcrvice in the com- 
mon way. 

The frame A of thefe valves h ufually made of wood, ^^s- *• 
rxaftly fitted to the bore of the pipe, and not over thick, 
that il mayliot ftop too much of the water-way; to this 
the hinge of the leather flap B, which is ufually lined 
with lead, not only to make it fall readily, but to give 
it ftrength fufficient to bear the weight of the water 
raifed without warping, is commonly nailed. 

In this kind of pump there is befides this fixed valve, pig. j, 
u moveable one for cotiveniency, placed in the pifton as 
at D, alfo opening upwards, or the way the water is to 
rife. Such a pifton is commonly called the bucket. 

When the bucket of this machine defccnds, if the 

bore of the pipe be already full of water, the rcfiftancc 

No. XI. Z .thereof 
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thereof will pufh open the moving valve, and part of 
the water will get above, and when the pifton is drawn 
upwards, this valve will clofe under the incumbent 
weight, and the water w^ill be raifed by the force applied; 
fo that whenever the moveable valve, by being raifed, 
is made to lift the weight of the column, as well of air 
as of water lying thereon, the fixed valve is difcharged 
of all preffure ; and then a quantity of water, precifely 
equal to that lifted and drawn ofF by the bucket, will by 
the ordinary preffure of the atmofphere (as was faid) on 
the water in the \\ell, be forced or rather weighed up 
through it to replenifh the pipe or barrel. This alter- 
nate aftion of the two valves is vlfible through the glafs 
pumps, and is worthy of remark. 

But if the bore of this machine be full of air only, be- 
fore water can be drawn, that air muft be exhaufted, 
which may be done if the pifton-valve be tight, by the 
ordinary motion thereof i but for the greater certainty 
and expedition, water is commonly poured thereon 
down the pipe, vulgarly called fetching the water; 
which is of no other uf(? than to wet the valves, and to 
fupple the collar of leathers fixed to the pifton, and 
fpread it that it may lie clofe to the fides of the barrel, 
and fuffer neither the upper air nor water to efcape by 
it, when it is moved up and down. 

The firft ftroke of the pump, if fufficiently long, wiH 
make a vacuum in the pipe ; if otherwife, an approach 
is only made towards it, and but a part of the contained 
air lifted away; upon which the air remaining in the 
cavity of the bore, from its natural fpring, will be con- 
fiderably dilated : to reftorc the natural denfity where- 
of, the atmofphere then preffing harder on the well water 
than the dilated air does on that in the pipe, will caufe 

th« 
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the water to rife therein fo far, as that, together with 
the included air (yet a little rarefied by the depending 
weight of water) it Ihall juft counterpoife the weight of 
the outward air. The very fame thing will happen 
again on a repetition of the ftroke, till by degrees the 
water (hall have reached the moving valve, and then 
the proccfs will go on fteadily as before defcribed. And 
water, by means of this contrivance, may be raifed to 
any height whatever, if the power applied be fufBcient 
to lift the weight, and the pipes ftrong enough to bear 
the fluid's natural preflurc. 

The preffure on the pipes in pump-work is in pro» 
portion to the ftanding height of the fluid above tb^ 
part confidered : but the weight incumbent on the buck- 
et (or moving valve) of a pump in aflion, is near'y pro- 
portionable to that of a column of water raifed : for tho* 
the pu(h of the atmofphere on the furface of the fpring, 
when the bucket rifes, be really equal to the weight of 
33 feet of water ; yet i,s this refiftance counterbalance^ 
cxaftly by the weight of the atmofphere, ever incum- 
bent on the furface of the water thereby raifed : fo that 
all the advantage to be obtained by, or expefted from 
hydraulic machines, or engines to raife water, as well 
indeed as fiom all other pieces of mechanifm whatever, 
is only the putting matters into a convenient method of 
being executed, and the performance depends on the 
moving power entirely, under the difadvantage of fric- 
tion alv^ays againftit. 

Of the Difpo/iuon of Pump^fVork. 

A Pump intended to raife water to any height what- 
ever, will always work as eafy, and require no greater 

Z % power 
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power to give motion to the bucket, if both the valves 
be placed towards the bottom of the pipe, than if they 
were fixed 33 feet above the furface of the water* 

The playing of the pifton thus low in the pipe, will 
befidcs prevent an inconvenience which might happen, 
Were it placed above, viz. in cafe of a leak beneath the 
bucket, which, in a great length of pipe, may very ea- 
fily happen, the outward air getting through, would hin-^ 
der the neceffary rarefaftion of the air in the barrel, on 
moving the pifton ; and confequently the pump might 
fail in its operation. This can only elreiSually bepre-s 
vented byjplacing the pump-work in or near the water. 
In which cafe, Ihould any leak happen upward, it will 
only occafionthe lofs of fome of the water, without any 
other inconvenience. And the leather valves being 
thus kept under water, will always be found fupple, plU 
ant, and in a fit condition to perform their office. 

It may indeed be here objefted, that the fpecific 
weight of the iron rod, to which the bucket is fixed, 
will be an incumbrance to the working of the pump j 
but if it be made of oak, when well foaked, it will be 
tiearly of the fame fpecific weight with water, and fo 
no burden on the moving power when tlie ftroke is 
fetched. 

Placing the pump-work (that is, the valve and pifton) 
pretty low and near together, will alfo prevent the in- 
convenience of our not being able in all cafes to fetch 
up water from the fpring, by the ordinary pump, when 
of an equal bore, by reafon of the fhortnefs of the ftroke j 
which therefore cannot rarefy the air fufficiently to 

brin2. 



USEFUL KNOWLEDGE. 



173 



bring the water up to the pifton from the lower valve. 
For inftance : take a fmooth barrelled pump, 21 feet 
long, having its pifton fetching fuppofe a foot ftroke, 
placed above, and the clack or fixed valve at the other 
end below. By the playing of the pifton, admit it pof- 
fible for water to rife 1 1 feet^ or if you will, let water 
be poured on the clack, to the height of 11 feet,, and 
refit the pifton, there will remain ftill 9 feet of air 
between it and the water, which cannot be fufficiently • 
rarefied by a foot-ftroke to open the clack, or fetch up 
jnore water : for in this cafe the air can only be rarefi-r 
ed in the proportion of 9 to ip; whereas to make abarc 
equilibrium with the atmofphere, it ought to be as 9 to 
13 and A half: fincc, as 22 or the complement of 11, to 
33 feet of wate^j the weight of the whole atmofphcre 
is to 33 feet or the atmofphere, fo is the interval fpo* 
Vtn of, 9 to 1 3 and a half ; to complete which, the flxokq 
ought to be at leaft ^ feet and a half long. 

However, by filling the whole void between the piftoii 
^nd clack at firft with water, this laft objeflion migh^ 
be removed, 



0/tbe Dlfpojition of Pipes of Conduit. 

IN fome cafes the pump cannot be placed conveni- 
ently perpendicular to the well ; for example, beiog to 
raife water out of the well at A by means of a pump at 
B, the beft way will be to carry the barrel as low as the pig^ 3^ 
fpring is, communicating therewith by means of th^ 
pipe at C. The bucket then playing in the barrel B C, 
\vill have the fame efFeft as if the well was made per- 
pendicular 
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pcndicular to the pump ; becaufe the water by its pro- 
per weight, will always replenifh B C, through A, 
through the level of the well-water at F, 

And if it fhould happen, from fome confidcrable im- 
pediment, that the barrel cannot go down to the well 
direftly, it may be led about any other way for fake of 
convenience. And then making the pipe of convey- 
ance E, lefs in diameter than the barrel, it will fooner 
be cxhaufted of air, by moving the pifton; and the 
water will follow very brilkly, as by the leaden pump 
atD. 

It will, however, always be more eafy to draw water 
with pipes that are large, and of an equal bore through- 
out, becaufe the water will have a lefs velocity in them, 
and the friftion will be in proportion lefs. Upon thi^ 
account, the pumps ordinarily made by the plumbers 
go notfo eafy as thofe bored out of trees; becaufe, by 
making their pipe that brings up water from the fpring 
fo much lefs than the bucket, they, as it were, wire- 
draw the water raifed. If the barrel, for inftance, be 
four inches in diameter, and the pipe of conduit one, 
it will in riling move fixteen times as faft through this 
as it will in that, to the expence of needlefs labour, as 
well as the great wear and friftion of the machine. 

For the like reafon, it will alfo be a fault to bore ^ 
pump conically upward, becaufe the water cannot with 
freedom get away fo faft, as a vacuum may be made in 
the moving pifton ; and the refleftion of the water from 
the fides, will always be a hindrance to the operation. 

In praSice, however, it is generally obferved, that 
fuch leaden pumps as work pleafantly, and are light 

on 
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on the hand, have the water-way in the iucking pipe 
nearly equal to one-fourth of the area of the barrel; 
and accordingly an inch and half pipe will pretty well 
fupply a three inch barrel ; and a four inch barrel 
fhould have a leading-pipe nearly two inches in diame- 
ter. ' 



Of the Llfting^Pump. 

THE ftrufture of the lifting-pump differs from that rig.4.' 
of the fucking-pump in nothing but the difpofition. As 
that has its fixed valve below and the moveable one 
above, in the barrel A B(Fig« i.) thisis juft the contra- 
ry, as C and D. As the bucket or pifton of that is mo- 
ved by a rod within the bore of the pipe, this is fo by 
means of a ftrong frame fixed to a rod without at EL 
As in that it is of advantage, for fear of a leak, to have 
the pump-work, if poffible, in or near the fource of wa- 
ter ; this in praftice is commonly fo done, and for that . 
reafon is very feldom fubjed to any failure in its per- 
formance. An elbow in this kind of pump, to lead the 
lifted water clear of th# playing of the rod, which of 
neceflity muft move perpendicularly, is* unavoidable. 
The fri(Slion occafioned hereby will however always 
be lefs the nearer this bend comes to a ftraight line. 

From the name and ftrufture of this machine, it may 
be imagined, perhaps, that the air's preflure is not of 
equal fervice to this kind of pump as to the former; 
but it is quite otherwife. For if both valves be not "^ 
perfeftly air-tight, water cannot be well raifed thereby ; 
but in cafe neither of them is defe£tive, water will be 

raifed 
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raifed to vtrj good purpofe, by mucli the fame kind of 
proccfs as that of the fucking pump, before explained* 
Nor IS there any doubt but that if two machines, a 
fucking and a lifting-pump, were made of equal bores, 
wrought with equal force, and were in every circum- 
ftance alike, they would be found of equal fervice la 
railing water, , 

On the Forcing-Pump. 

Tig 5. THIS pump confifts of a barrel A B, a pifton or for* 

cer C, leathered upwards, that it may withftand the 
preffiirc of the atmofphere from above, that fo by fuck- 
ing, when raifed, it may bring up the water to fupply 
the barrel; and 'tis alfo leathered downwards, that when 
repreffed, it may reCft the weight of the water to be for-* 
ccd up, or raifed for ufe. There are always two fixed 
valves in this kind of pump; one in fome convenient 
part of the fucking-pipe, as at D, tlie other in the branch* 
ing or forcing pipe, as £• Thefe ought in like manner 
to be air-tight, and fodifpofed as to let the water freely 
rife, but are absolutely to hinder its return. 

When the forcer is firft moved upvvardsin the barrcl> 
the air between that and the water below, having room 
to dilate, by its natural fpring, willof courfebe rarefied J 
the preffure of the atmofphere being intercepted by the 
force of tlie barrel A B, on one hand, and by the upper 
valve at E in the branching-pipe on the other, the water 
will rife from thefpring into A B, forthe reafon already- 
given; and repeated ftrokes of the pifton will fetch up 
the fluid to the forcer, and fill the cavity of the 

pipes. 
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pipes between the fixed valves D and E. This done, 
th^ water in this manner fucceffivcly raifed, being hin- 
dered from going down again by the lower valve, will 
be preffed by the forcer every time it defcends, and be 
thereby obliged to make its way wherj? the leaft refift- 
ance is, viz. through the upper valve at E. And when- 
ever, on the rifing of the forcer^ this preffure intermits, 
the valve at E will immediately clofe under the weight 
of the upper water, and prevent its return that way, 
while the piflon is rifing with a frefh fupply : and this 
is repeated at every ftroke of the forcer. 



Difertptton of a Pump itwititedby M. de la Hire^ which 
raifes Water equally quick by the Defcent as by the Afcent tf 
, the PiJIon in the Pump-^barreU 

A A is a well, in which the lower ends of the pipes pig. 5. 
B and C are placed. D is the pump-barrel, into the 
lowermoft end of which the top of the open pipe B is 
foldered, and in the uppermoft end the hollow pipe S is 
foldered, which opens into the barrel ; and the top of 
the pipe C is foldered into that piece. Each of thefc 
pipes has a valve on its top, and fo have, the crooked 
pipes Eand F,whofe lower ends are open into the pump- 
barrel, and their upper ends into the box G. 

H is the pump-handle, its center of motion is at I ; 
and as it is moved up and down, it moves the foljd 
plunger K, up and down in the barrel, by the ftraight 
rod or fpear L, which moves air-tight in a long collar 
of leather in the neck M ; and the plunger never goes , 

No.XIL A a higher 
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higher than K, nor lower than D ; fo that from £ to 
D is the length of the ftroke* 

As the plunger rifes from D to K» the atmofphere 
(prefEng on the furface of the water A A in the well) 
forces the water up the pipe B> through the valve b^ 
and fills the pump-barrel with water up to the plunger ; 
and during this time, the Valves e and B lie clofe and 
air-tight on the tops of the pipes E^and C* 

When the plunger is up to its greateft height at K, 
it fiops there for an inftant, and in that inftant the 
valve b falls, and ftops the pipe B at top. Then, as the 
plunger goes down^ it cannot force the water between 
K and D back through the clofe valve b> but forces all 
that water up through the crooked pipe E through tKe 
valve e, which then opens upward by the force of the 
water ; ahd this water, after having filled the box G> 
rifes into the pipe N^ and runs off by the fpout at 0» 

During the defcent of the plunger K, the valve f 
falls down, and covers the top of die crooked pipe F ; 
and the preflure of the atmoiphere on the well A A 
forces the water up the pipe C, through the valve Sj 
which then opens upward by the force of the afcending 
water; and this water runs from S into the pump-bar« 
rel, and fills all the (pace in it above the plunger. 

When the plunger is down to its loweft def<^ent at D^ 
and ftops there for an inftant, in that inftant the valve 
S falls down, and (huts the top of the pipe C ; and then, 
as the plunger is raifed, it cannot force the water above it 
Jjack through the valve S, but drives all that water up to 

the 
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the crook«d pipe F, through the valve f^ which opens up- 
ward by the force of the afcendiilg water; which water, 
after filling the box G, is forced up from thencb into 
the pipe N, and runs off by the fpout at O. 

And thus as the plunger defcends, it forces the water 
below it up<the pipe E ; and as it afcends, it forces the 
water above it up the pipe F, the preffure of the atmo* 
Tphere filling the pump barrU below the plunger through' 
the pipe B while the plunger afcends, and filling the 
barrel with water above the plunger, through the pipe 
C) ks the plunger goes down. 

And thus there is as much water forced up the pipe 
N, to the (pout O, by the defcent of the plunger, as by 
its afcent ; and^ in each cafe, as much water difcharged 
at O as fills that part of the pump-^barrel as the plunger 
moves up and down in« 

OnthetopofthepipeOisaclofeairveflelP. 'When 
die water is forced up above the fpout O, itcompreflet 
the air in the veflel P ; and fhit air, by the force of itf 
ipring a£^ing on the water, caufes the water to run off 
by the fpout O in a co^ftant and (>ery nearly) equal 
ftream. 

Whatever the height of the fpoutO be above the fur* 
face of the well, the top S of the pipe C muft not be 3a 
feet above that furface ; becaufe if thAt pipe could be 
entirely exhauftedof air, the preffure of the atniofphere 
in the well would not force the water up the pipe to a 
greater height than 32 feet : And if S be witliin 24 
feet of the furface of the well, the pump will be fo much 
thebetten . 

A a a A% 
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As the collar of leathers within the neck M is apt to 
dry and (brink when the pump is not ufed, and confer 
quently to let air get inter ^the pump-barrel, which 
would ftop the operation of the atmofpherc in the pipe 
C ; I think collars of old hats might be uled inftead of 
leather^, as they would not be liable to that inconve« 
• nience. 

It matters little what the fize of the pipe N be, thrrf 
. which the water is forced up to the fpout : but a great 
deal depends on the fize of the pump-barrel ; and accord* 
ing to the height of the fpout O above the furface of 
the well, the diameter of the bore of the barrel Ihould be 
as follows : i 

For 10 feet high the bore (hould be 6. 9 inches ; for 
15 feet 5, 6 ; for 20 feet 4. 9 ; for 25 feet 4. 4 ; for 30 
feet 4. o : for 35 feet 3. 7 ; for 40 feet 3.5 ; for 4 j- feet 
3- 3 ; for 50'fect 3.1 ; for 55 feet 2.9 ; for 60 feet 2.,8; 
for 65 feet 2. 7 ; for 70 feet a, 6; for 75 feet 2. 5 ; for 
80 feet a. 5 will do; for 85 feet 2. 4; for ^o feet 2.3; 
for 95 feet ii. 2 ; and for 100 feet, the diameter of the 
bore fhould not exceed 2. i or 2* 2 inches at moft. If 
thefe proportions are attended to, a man of common 
ftrength may raife water 100 feet high by one pump, as 
eaiily as he could raife it zo feet high by another. 

' In this pump the pipes B and C feem to be rather too 
fmall; which will caufethe water rifing in them to have 
a great deal of friftion from the quicknefs of its motion: 
and whoever makes fuch a pump, will find it very diffi- 
cult to make leathers in the neck M water-tight, fo as 
that no water (hall be forced out that way when the 
pifton is drawn up. 

Another 
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4noihir PuMpt on a ffi&reJimpU Conjhru^l'on^ invented iy 
Mr.Nobk. 

THIS puntip deferves notice, as it keeps a continual M«te Xl» 
ftream ; being compofed only of one ftraight pipe, or 
tube^ and two piftons, having each a bucket and a valve. 
It raifes as much water with the fame power, and in the 
fame time, as two barrels with four valves will do ; and 
being fimple in its principles, may be conitrufted reafbn« 
able, cc^mpared with Mi^ de la Hire's pump. 

A is a'ftt-aight tube, or barrel, in which two buckets 
work : the bucket B is worke4 by the rod C ; and the 
bucket!) is worked by the rod E ; which rod ^oes thro^ 
a hole in the bucket B, and is moved up and down by 
two circular pieces of wood F, fixed to two handles gg| 
which caufc$ one bucket to afcend with its load, and fo 
pUiverJa. 



4n. Engine for ralfing JVattr hy a cominual Streflm, hy means 
efa Hair Rope. Invented by Sieur Vera^ 

A is a wheel 4 feet over, having an axis and a winch: J^»«- «• 
B B, two puUies 14 inches diameter, in order to keep 
the ropes to a proper diftance in the well, and be in con- 
taa with a greater furfacc of the wheel : C C, a hair- 
rope, near one inch diameter : D, a refervoir to colleft 
the watef :. E, a fpout to convey the water from the re- 
fervoir : F, the top of the well ; G, the furface of the wa- 
ter in the wett v H,*£nune in wfeich the lower pulley I 

is 
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is fixed : I, a pulley under which the rope runs, in order 
to keep it tight : K, the handle to turn thcjwheel : L L L, 
a box made of thin boards^in order to colleft the water 
into the refervoir D, 

When the handle K is turned about with aconfider- 
able velocity, the water which adheres to the rope C C 
(in wells not very deep) is very confiderable ; die rope 
thus pafles through the tube D, which, being 5 or 6 
inches higher than the bottom of the refervoir^ hinders 
the water from returning back into the well, and is con- 
veyed in a continual ftream through the fpout £• I have 
feen fome of the above engines improved by Mr.'Stam'' 
forJy which have raifed a greater quaiitity of water than 
any perfon unikilled in hydraulics, could fuppofe in thb 
fame time^ from fuch a iimple contrivance. 

Ah Enpne to rqifi Water hjFire. 

The Marquis of Worcefter, in his Century eflnventiem 
(printed A. D. 1663) was thefirft who propofed raifing 
great quantities of water by the force of fire, turning 
water intofteam ; and he mentions fome engine of «this 
kind which he law, which played a continual ftream^ in 
the manner of a fountain, 40 feet high. He alfo iays^ 
a perfon attending it turned two cocks ; that one veflel 
of water being confumed, another begins to force and re* 
fiU with cold water ; and this alternately and fucceiEvelyi 
the fire being attended and kept as equal as pofiible. 

Captain Savery haviiig read tlus account, attempted 
to faife water by fire; andwasthefirftwhoereftedanen« 
gine for this putpofty of the form we have fince had 
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them. To iecure the Invention to himfelf, he bought 
up all the marquis's books that he could find, and burnt 
them ; and then gave it out that he difcovered the me* 
thod by accident. He made many experiments to bring 
the machine to perfection, and ereded feveral for gen« 
tlemens feats ; but could not fucceed for mines, the 
depth from which water was to be raifed from thence, 
being fo great, that it required the fteam too danger- 
cully ftrong to be attempted in his way. 

Thus the progrefs of the engine was flopped till, long 
afterwards, Mr. Newcomen, an ironn^onger, and Mr« 
John Cawley^ a glazier, contrived another way to raife 
water by fire, wkere the fleam to raife the water from 
the greateft depths of mines is not required greater 
than the preflure of the atmofpherc ; and this is the 
prefent ftru£ture of the conunon engine, and which is 
now of about 80 years fbuiding. 



J^fiTiiHis t$ tb$ Common Ftrc Engm^ 

A ibo^boller. 
B the cylinder* 
. C the injeftion cock* 

D the fleam cock, or regulator. 
E the ihiftmg clackt 

i 

F tlxc cdaAum pip^ or finking pipe, 

Othe 
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G the eduAion valve. 

H the fafety valve* 

I thepifton. 

K the lever beam. 

L weights to counterpoife the plfton^ and to preft 
the forcer down in the pump-barrel M, to drive the 
water through the pipe or fpout N. 

O a ciftern to* hold the injeftion water. 

P an air vcffel to hinder the pipe N from burfling, 
«nd keep a regular ftream. 

^g« !• A is a copper veffel, partly filled with water to d c, 

which being fet over a fire and made to boil, will fill 
the upper part A D with a v?ft'y elaftic vapour^ the 
fufficient ftrength whereof is known by its forcing open 
a valve at H. This heated elaftic fteam is, by turning a 
cock at D, let into the barrel B, where, by its elaftic 
force, it raifes the pifton I, which drives the air above 
it through a proper clack at the top. After this, that 
the pifton may by its weight defcend, a little cold wa- 
ter from the ciftern O, is let in at the bottom, by turn-' 
ing a cock at C, which, in form of a jet, condenfes the 
hot fteam in the barrel into 13,000 times lefs fpace than , 
it took up before ; which makes a fufficient vacuum for 
the pifton to defcend in. The pifton I and lever K, 
being thus put into motion, do accordingly raife and de- 
prefs the pifton a, in the barrel M of the forcing pump, 
on the other fide ; which, by the pipe O, draws the water 
from the depth Wj and forces it to rife ^d fpout thro' 

th9 
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the tube N, continued to ^ny height at pleafure. This 
engine is ufed tor draw the water from coal-pits and 
Other mines. There are various other engines, of a more 
complex ftrufture ; but as they aft upon the fame com- 
mon principle, it is needlefs to fay any thing more of 
tiiem here, 

- The only improvement that has beeh^nade in the fire- 
engine, for thirty years paft, the public will very juftly 
attribute to the fagacity of Mr. Watt, whofe Ikill in 
pneumatics, mechanics, and hydraulics, is evinced by 
the powerful application of elaftic vapour, and by mak- 
ing a more petfeft vacuum, nearly like that of the baro- 
meter, in his new-conftrufted fire-engine. 

But before I can explain Mr. Watt's engines, it is 
jieceffary to premife a Ihort account of the imperfeftions 
of the tommon fieam-engines, and their caufes. 

The fleam or vapour which arifes from water con- 
fined in a clofe veffel, and heated a few degrees above 
the point at which it boils in the open air, becomes an 
elaftic fluid, uniform and tranfparent, about half the 
gravity of atmofpheric air, very much greater in bulk 
than the water of which it is compofed, and capable of 
being again reduced to water when brought into con- 
taft with matter of a lefs degree of heat than itfelf. 

The preffure of the atmofphere, or any equivalent 
tefiftaBce, prevents the produftion of fteam, until the 
water be heated to 212 degrees of Fahrenheit's thermo- . 
meter ; but when that prelTufc is removed, or the water 
placed in a vefTel exhaufted of air, fteam is produced 
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from It when it is colder than the human blood. On 
the contrary, if water be prcffcd upon by air or fteam, 
which are more comprefled than the atmofphere, a de- 
gree of heat above 212 degrees, is neceflary for the pro* 
du£tion of fteam ; and the difference of heats at which 
water boils under different preifures, increafes in a le& 
proportion than the preffures themfelves ; fo that a 
double preflTure requires lefs than a double increase of 
feniible heat. 

The experiments which have been publifhed con- 
cerning the bulk of water when converted into fteam^ 
are erroneous ; and the conclulions drawn from them 
make that bulk greater than it really is. It has beea 
known for fome time, that water would boil in an ex- 
haufled receiver at a low degree of heat. 

If we coniider the common fteam-engine, we (hall 
find it defeftive ; firfl, becaufe the vacuum is produced 
by throwing cold water into the cylinder to condenfe 
the fteam : that water becomes hot, and, being in a 
vefTel partially exhaufted^ produces a fteam, which in 
part refifts the preffurc of the atmofphere upon the pif- 
ton, and Icffens the power of the engine. The fecond 
defefi: is the deftru£tion of fteam, which unavoidabljr 
happens upon attempting to fill a cold cylinder with 
tha]: fluid ; fot the inje&ion-water, at the fame time that 
itcondenfes the fteam, not only cools the cylinder, but 
remains there until it be extruded at the edudion-pipe 
by the fteam which is let in to fill the cylinder for the 
next ftroke ; and that fteam will be condenfed into wa- 
ter as faft as it enters, until all the matter it comes in, 
conta£^ with be nearly a$ hot as itfclf, 

trcrj 
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Every attempt to. make the vacuum more pcrfeft by 
the addition o# liijcftion-water, will cool the cylinder 
more ^fFeftuallyy and caufe a greater deftruftion of fteam 
in the next filling; and if the engine has already a pro- 
^' perload, the deftrudion of fteam will proceed in a greater 
ratio, thai> the increafe of power by the amendment of 
the vacuum. 

Though it appears that the conftrudors of fteam-en* 
gines have never inveftigated thefe caufes ; yet they have 
been fo fenfible of the eiFe£ts, that a judicious engineer 
does not attempt to load his engine with a column of 
water heavier than feven pounds for each fquare inch of 
the area of the pifton* 

Mr. Watt's improvement is founded upon thefe, and 
fome other collateral obfervations. He prefervesan uni- 
form heat in the cylinder of his engines, by fuffering 
no cold water to touch it, and by protefting it from the 
air or other cold bodies, by a furrounding cafe filled with 
the fteam or with hot air or water, and by coating it over 
with fubftances that tranfmit heat flowly. He makes 
his vacuum to approach nearly to that of the barometer, 
by condenfing the fteam in a feparate veiTel, called the 
condenfer; — which may be cooled at pleafure without 
coolingthecylinder, either by an injection of cold water, 
or by furrounding the condenfer with it ; and generally 
by both. He extrads the injcftion-water and detached 
air from the cylinder or condenfer, by pumps, which 
are wrought by the engine itfelf ; or he blows it out by 
the fteam. As the entrance of air into the cylinder 
would ftop the operation of the engines, and as it is hard- 
ly to be expeded that fuch enormous piftons as thofe of 
fteam*engines can move up and down, and yet be abfo* 
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lutely air-tight in the common engines^ a ftream of 
water is kept always runaing on the pifton^ which pre* 
vents the entry of the air ; but this mode of fecurinjg the 
pifton, though not hurtful in the common ones, would 
be highly prejudicial in the new engines. Their pifton 
is therefore made more accurately ; and, the outward cy- 
linder having a lid which covers it, the ftcam is pro^ 
duced above the pifton ; and when a vacuum is intfo- 
duced under it, afts upon it by its elafticity, as the at- 
mofphere does on common engines by its gravity. This 
way of working, effcftually excludes the air from the in- 
ner cyUnder, and gives the advantage of adding to the 
power, by increafing the elafticity of the fteam. 



References to the new improved Fire'Engtne. 
A the boiler. *' 

B the fafety valve. 

C the pipe which conveys the fteam to the outer cy- 
linder, 

D the outer cylinder. 

E the inner cylinder* 

F the pifton. 

G the valve that admits the ftcam from the outer cy- 
linder into the inner cylinder, called the ftcam-valve. . 
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• Hthe valve that admits the fteam from the inner cy«* 
Under into &e condenfer^ called the condenfing valve* 

I the condenfer* 

K the inje£^ion-vaIve that admits a jet of odd water 
into the condenfer to condenfe the fleam. 

L the air pump that exhaufts the condenfer both of 
air and the injeftion-water that is let in every ftroke, and 
is fixed under water in the condenfing back IVb 

N the kvcr beam. 

O the great water-pump for clearing the mineS| ot 
taifing witer for other ufes through the pipe P» 

The internal flruAure of the new engine fo much r6«- 
fembles the common ones, that I expeftthofe who know 
that machine will underfUnd this^ from the follpwii^ 
defcription; 

The cylinder, the great beams, the pumps, &c^ fUnd 
nearly in tlieir ufual pofitions. The cylinder is fmaller 
thanufual in proportion to the load^ and is very ^icctip 
rately \>6xtd. In the mofl complete engines, it is far* . 
rounded at a fmaU'difUhce with another cylinder, fur* 
nifhed with a bottom and lid. The interfHce between 
the cylinders, communicates with the boiler by a large 
pipe» open at both ends, fo that it is always filled with 
fleam, and thereby maintains the inner cylinder always 
of the fame heat with the fleam, and prevents any con- 
denfation within it which would be more detrimental 
than an equsA^coodf ofatloa ia t|ie outer one« 

The 
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The inner cylinder kas a bottom and pifton as nfoal • 
and zt it does not reach up quite to the lid of the outer 
cylinder, the fleam in the interftice has always fri^e ac- 
ccfs to the upper fide of the pifton. The lid of the out- 
er cylinder has a hole in its middle ; and the pifton rod, 
which is made truly cylindrical, moves up and down, 
through that hole, which is kept tight by a collar of oak- 
um fcrewed down upon it* 

At the bottom of the inner cylinder, there arc tw^ 
regulating valves ; one of which admits the fteam to pafs 
from the interftice into the inner cylinder below the pif- 
ton, or fhuts it out at pleafure; the other opens or fhuts 
tlie end of a pipe, which leads to the condenfer. The 
condenfer confifts of one or more pumps furniihed with 
dacks and buckets (nearly the fame as in common 
pumps) which are wrought by chains faftened to the 
great working beam of the engine. The pipe, which 
comes from the cylinder, is joined to the bottom of thefc 
pumps, and the whole condenfer ftands immerfed in a 
ciftern of cold water fupplied by the engme. The place 
of this ciftern is cither in the houfe under the floor, be- 
tween the cylinder and the lever wall ; or without the 
houfe, between that wall and the fenginc fhaft, as con- 
vcniency may require; 

The condenfer being exhaufted of air by blowing, and 
both the cylinders being filled with fteam, the regulating 
valve Which admits the fteam into the inner cylinder is 
ihut, and the other regulator which communicates with 
the condenfer is opened, and the fteam ruihes into the 
vacuum of the condenfer with violence ; but there it 
comes into contaft with the cold fides of the pipe and 
pumps, and meets a jet of cold water which was opened 

at 
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at tTic Taint time with the cxhanftion-rcgulator ; tlxtfc 
inftantly deprive it of its heat, and reduce it to water; 
and the vacuum remaining perfeC):, more fleam conti* 
Hues to rufh in and be condenfed, until the inner cylin- 
der 18 exhaufted. Then the ftiam which, is above the 
pifton, ceafing to be countcrafled by that which was be- 
low it, afts upon the pifton with its whole elafticity, and 
forces it do defcend to the bottom of the cylinder, and 
lb raifes the .buckets of the pumps which are hung to the 
other end of the beam* The exhauftion-regulator is 
now fhuty and the fteam^one opened again ; which, by 
letting in the ftcam, allows the pifton to be pulled up by 
the fuperior weight of the pump rods : and fo the' engine 
2^ ready for another firoke. 

The working of thefe engines is more regular aad 
Iteady than the common ones ; and, from what has been 
faid, their other advantages are apparently very confi? 
dfcrable ; but to fay cxaftly how much they excel com- 
mon engines, is difficult, as common engines differ very 
much among themfclves* I am told, that the favings 
amount at leaft to two-thirds of the fuel; which is a very 
confidcrable object where coals are expenfive. 
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AS the fcnfe of feeing is the nobleft belonging to an 
animal; ifithltut which he would live in perpetual 
darknefs, unable to perform die neccflary cxercifesof life ; 
and fince all that has been demonftrated of glaffes, and 
will hereafter be demonftrated of all optical machines, 
tend only to this fingle end, to help and improve the 
fenfe of feeing ; and finc« the eye is the organ or in«* 
ftrument by which vifion is performed,—- it is by nature 
an optical inftrument, and the foundation of all others; 
and therefore it cannot be amifs to give a fhort defcrip- 
tion thereof* 

Plate XII. A B C E is the eye, its figure fpherical ; by reafon of 
Fig. t. which, it is eafily moved any way in its focket. The 
fore-part at A is more convex than the reft. It is con- 
tained in three meftibranes ; the outcrmoft is the Sclerotica; 
the fecond the Tunica Choroides; the fore-part is called 
the/m, which confiftsof many fibres, like fo many radii. 
•The third, or innermoft, is called the Retina ; which 
is nothing but the optic nerve, fpread «yer the bottom 
of the eye. 

In thefc are contained the three humours of the eye; 
the firft is H A I, called the 4queoui humour, which is a 

thia 
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l&in liquor like wat^r. The fccond is F G the Cbryf- 
tallim^ in form of a Icns^ more eonvex behind towards 
C. Adjoining to this is the third^ K L^ called the Vi^ 
triws humour. 

The cbryftalline is more deafe than the vitreous^ and 
the vitreous more denfe than the a<]ueou8 humour, and 
all together make a compound lens, which refracts the 
rays of ligbti ifluing from an objefi P R, to the bot- 
tom of the eye, and there paints its image p r in th« 
^us uppn the retina inverted. 

The figure of the aqueous humour is a meniicus, 
and fb is that of the vitreous. The fore part of the 
fclerotica, is jailed the Cornecy and that part adjoiiiing 
to it, is called the fVUte of the eye. Within the cor^ 
nea is a coat (calif d the IJvea ; in the xniddle of this is 
a hole Of called the Pupily to let ii> the rays of light. 
And the pupil is contraded or dilated by ieveral muf<- 
cular fibres in the uvea or iris, according as more or 
|efs light falls qa the eye^ and that by an ii^voluptary 
motiefi. 

D is the optip nerve going from the retina to the 
common fenforium in t)ie brain, where thefe imaget 
are perceived. This is not in the middle of the eye^ 
but lies nearer the fide £, which is towards tiie pc^fe^ 

Round the edge of the cbryflalUne F G i« a ring of 
fibres ; by the help of which the di^f nfe A Cis made 
longer or (horter, in order to bring the image p r 
Vpon the retina^ for diftinft vifioii. And perhaps 
thefe fibres alfo make the chryftalline mofe or lefs con- 

^^o,XIlI• Cc ven 
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ycx at the fame time. This ring of fibres is^called 
the Liganuntum ciliare; and its back part is bhickf tq 
ftiile the rays that are refle£led upon it. 

The eye is moved in the head by fevcral mufcles iHr 
ferted in the fclerotica, fo that it may be quickly di- 
teded to any objeft. 

If the image of an objeft does npt fall upon the re* 
tioa, at p r, the vifion will be coofufed. If it falls 
fhort, or nearer F G, then a concave lehs that makes 
the rays more diverging, will bring them to the retina. 
This is the cafe of purblind or ftiort-fighted people, 
who are fofced to look very neai; ^n ob]e£t ; qr elfe 
ihey muft ufe poncave {pci&acles« 

If the rays do not unite till they get beyond the rq- 
tina, as in moft old people, then a common convex 
lens of a due force, held between the eye and the ob-? 
jt&y will make them converge, and fall upon the rqr- 
tina. Therefor^ long*fightqd people muft ufe con- 
vex fpeflacles. 

Although the image is painted inverted in the eye, 
yet we judge it erefl ; bccaufc we always fifid it fo by 
puftom apd experience. 

But that vifion is effeded in this manner, may be 
demonftrated eyperiijientally. Take ^ bullock's eye 
while it is Treih, and having cut off the three coats 
from the back part, quite to the vitreous humour, put 
^ piece of white paper oVcr that part, and bold the eye 
fowards any- bright objeZt^ smdyou will fee an inverted 
gifturc of the objeft upon ihepaper. 
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Seeifsg the image is inverted, many Ihavei^tolidierid 
^hy the objed ^ippekrs upright. But we are to Cionfide^ 
t: That ittvchcd^isbnly a rcjafive^tcjitt^ and;2: Thiit 
iHfer^ is a very great difiereiice tietwecit tktf rearl qb^eft 
and the means or Image by which we perctr^at/ Whch 
all the parts of a diftant profpeA are painted upon the 
^ctinavthcy arc all right trithtefpeft tDXytie another^ 
as well as! tUe patbr of tfae:^ofpeft ftfelf rluiif we ^ 
bftly; judge ofon obJeA'i beiilg invettedf wberi it^h 
ttriied reverfe'td .it8:i]atifi:iQ':pofition>< with tefpeftib 
other objeds Which We ft^ khd compare it with. If tte 
lay hdd of id uptight' fiick in the datk, '^t c«fi tell 
which is the upper or lower part of it, J)y mdtiftg Otfr 
hand upward or downward ; and know very well that we 
cannot feel the upiper end by moving our hUriA doWn« 
wird; i Juft fb wc find by ckpefi^^nce, that upoffdhreft- 
ing our' ibye^ towards a tall ob}e£t. We canifot fte IQ 
•top by turiiing cmr eyes downward; nor its fo6t by tttff)^ 
ingpur eyes upward ; but limft trace the objeA the fami^ 
way by the eye to fee it from head te foot, as we do by 
the hand to feel itt atid i$ the judgment id informed 
by the motion df the hand in One cafci fdlt iH alfo by 
the motion. d£ the eye in^tfat other; 

i 

Tkbdiailieter^df imaged at the bbttpnl c^f the eyey :i^ 
p r, are proportioned to the angles which the objefts 
fublciid at the eye, ai P O R ; the feme a$ in i lens ; and 
ate reciprocally as thediftanees erf the fame Objeft 
iiewed in diffeitnt pliCed< 

The eye is iri feality lio ndore than H caniefa dkGHirtL ; 
for the rays of light flowing from all points df an 6b^ 
je&i thrcfugh the pupil of the eye^ dp^ by the tefra£lion 
of the humotirs of the eye^ paint the image thereof in 

Cc2 the 
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8tii. A man can judge at a imall diltance with a fingfi; 
eye, by frequently oblervidg how much variation U 
made in the eye to make the objed diftin£{; and front 
this, a habit of judging is acquired. But this cannot 
be done at great diftances, becaufe, though the diftancc 
be variedy-the chance in the eye becomes then iafenfible^ 

^tfa. Bnta mad can judge.of greater diftances witb 
both eyes, than he can with one cyc; For the- cyc4 
being at. a diftance from one adother, as long ad- that 
diftance had a fenfiblt "proportibn'to the. diftance of the 
t>bjed, one gets a habit of judgiftg^ .by. the pofiticm of 
the axis of the eyes, which are always direfted to that 
point; for different diftances require different pofi- 
tions of the axis, which depeads on the motions of the 
eyes which we feel* • Bat in very gr6at diftances, no 
judgment can be madd from the motion of the eyes, or 
their internal parts. Thcrcfqfre^ we can only gucfs at 
the diftances from the magnitude,^ colosr, and fh6 p0^ 
fition of interjacent bodies^ 

loth. Whatei^cf Irgltt frfh tipotf that ffeirt of the retina 
where the optic nerve D fjfrihg^ makes no impreffion ; 
and therefore, if the p\&thre of an objed falltf thcrcon^< 
it is not perceived, and thart obj^ft h inriiiblc. This 
will appear by ptacing a fiiiaH bright objeft before you^ 
nnd looking at ft whb one eye> and moving one eye 
laterally towards the contrary fide (towacrds the kft,- if 
it be the right eye) the objcft wrll difappear,* and feem 
to be loft ; and moving it ftill further, it will appear 
again. Now this place is not at th« bottom of the eye, 
but nearer the nofe irt both of them;- fo that no rays^ 
either parallel or diverging^ tl«t come ffote any thp&i 

catt 
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can fall upon that place in Wh the eyes; (6 that any 
pbje£t we direA the eyes to, will alv^y^ be vifible, at 
Icaft to opt eye. But <he fame bright objcK^ may be 
made to dif[^>pear to both eyes, by direifting the axis of 
both eyes to a poin; a Utile beyond the nofe, to bt 
foun4 by trials* 

lith. Dimnefs of light generally attends old people; 
and this may arife from two caufes : i^ By the eyes 
growing flat, and not uniting the rays at the retina, 
which caufes indiftinfinefs of viiion ; or, 2. By the opaf 
city of the humours of the eye, \vhich in time lofe their 
tranfparcncy in fome degree; from whence it follows, 
that a great'deal of the light is ftopt and loft that en« 
ters the eye ; and every objeft appears faint and dini» 

lath. As the rays of light flowing from an objeft, 
and painting its image upon th^ retina, are the imme- 
diate caufe of feeingf fo wh^re there is no light, there 
can be no viiion : confequently, without light, the eye 
becomes a machine utterly ufelefs; as it c^n give us no 
manner of information of the exiltence of bodies at a 
(ji^ance from u$, 

DEFINITIONS. 

i./^PTICS is a fcience which teaches the nature, 
* V-^ properties, and laws of Fifiofiy ariling from the 
r^ys qf lights Qiihcr ^ifle^ed from the furfaces of bodies, 
or refra&ed ip paffing through them, and painting the 
images of objefts on the Retina on the bottom of the 
eye. Alfq this fcience, in its moft extenfive accepta- 
tion, comprehends the whole doSrine of Light and 
f!o!purs^ and all the Phanojima or appearances of vifible 

objtfls. 
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objedt. r Optics^ therefore^ confift of tbr^ parts^ vizf 
Catoftria^ Di$ptricSf ^nd Chromatics. 

.2. Cdiiiptrks is that part which treats of Ji^Jltx Vifianf 
Of all that relates to the viewing of objeds by light, 
refieflid from the Airfaces of bodies, whether ^/sin, con^ 
ViXf concave^ or otherwife; and in rays diverging^ conr 
v^V^g% or pwr§Ud to each other. 

3* Difptria treat of the properties of light and vifioni 
arifing from rays paffing through tranfparent Medta^ or 
bodies ; as j£r, fFater^ Glafs^ Cbrjftal^ Diamwd^ iifc. 

4* Cbromatia treat of the Colours of light and natural 
bodies. Of this part» SitJ/aac Ntmm^s Optics almoft 
entirely confiit 

5* Ugbt is that property of fome bodies, by which 
objefts are rendered vjfiUff or capable of being /een by 
the eye* It confifts of very fmall particles, which iffuc 
from the luminous bpdy in ftraight lines, 

6* li^s or Beams of light, are thole ftreams, or ema* 
|>ations of light, which proceed from the luminous 
bc^y, aifd enlighten Of illuminate all objeds, fo that 
they may b^ fcen^ 

7. The Rt^ieut i^ tl^at body or objeft which emits, or 
from which proceed^ the rays qf light under confidera- 
fion at any time. 

8. The Spi^Us of ar^ qbjeft i« the image or reprefen- 
^tion thereof, made by the ^ay^ of light in the Focus, or 
place where they unite. 

9. Tatalli 



€ 



USEFUL KNOWLEDGE. 

9, ParaUei rays, are fuch as proceed equally £flant from 
each other through all their courfe ; as thofc from the ^>K- ** 
Sun^ and oAcr vaftly diftant objefts* 

10, Convifging rays are fbch as, proceeding from a 
body, approach nearer and nearer together in their pro- 
grefs, tending to one certain point, where they all unite; 
thus the rays, proceeding from the objeft A B to the I^^s- 3- 
poini Fj are faid to converge towards that point* 

11, Diverging rays arc thofe whkh, proceeding from 

any point, as A, do continually recede from each other p- . 
as they pais along in their courfe towards B C, 

12, The Fgcus of Rays is that point to which all con- 
verging rays tend^ and in which they unite and inter- 

feft each other ; as the point F« And this Is called ^^^- 3; 
the Real Focus ; but, 

13P The FinualQX imaginary Focus, is a point, as f, 
to which the rays A B tend, and where they would 
ynite, were they not intercepted by the obftacle (fup* Ffg. 5- 
pofc a mirror) C D ; by which means they arc turned 

de, and made to converge in their Rsal Focus F, 



14. Rificflion of rays is their Regrefs or Returning froni 
the fyrface of fuch bodies on which they fall, and crr- 

not penetrate or enter. Thus the ray B C falling on Fig. i. 
the furface A D, is rcfiefied or turned back or up agaia 
in the dire£tion C £• 

15. The Plum of Rejlc^im is that in which the refleft- 
ing pointy or furface^ is fitnated, as AD and a d, Fig. 7,8, 

No.XIlL Dd lb. Mirurs, 




J 
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Pif. *. 16, A&rrort^ or SpeeulumSt ^^^ thofe bodies whofe fiir- 
{zlts are fo very Imoothj and fine poliihed^ as to be 
impervious to the rays of light which fall on them^ 
and which, therefore* they rcficftfo cntirelyj as to re- 
prefcnt the Im&ges of Ohje^s oppofed to them* Thefc 
arc generally made of metali or glafs, poliilied on one 
fide, and filvercd on the otherj a ad are either pi^in^ 
cmvf^j or e^mavi* 

I7i Plain Mir rms arc thofc whofe furf aces are per- 
feft Planes^ and whofe feftioa is Kjlraighi Line, as A. D, 
Notc> Thefe are vulgarly called Lmkmg'Ghffa, 

18- Convix Afirrers are fuch whofe fur face do every 
way equally and uniformly rife above the plane of their 
bales or low eft parts; the feft ion of which forts of 
niirror is a Curve ^ either Circular ^ Eliipticsly Parabolic 
^h^ 7- cai^ or Hyptrh/ical, Where A C D is a Circular feft ion, 
and the Mirror is the fegment of a GMe^ or SphertCQi 
furface, which are moft of conimon ulb. As, 

19, Csmave Mirrors arc thofe -whofe furf aces finlt 
down with an uniform hollowncfs or curvity below tb© 1 
Wig. 8* Upper parts A D, and whofe feftion aUo is a Curm^ as 
various as the convex above; but A D is circular, and 
its furfacc the internal part of an bdhw Spljere^ as being 
moft in ufe* 



so* The Incident Ray is that which comes from any 
objeS', and falls on the reflecting furface, asB C; and 
C E is the YifieEied Ray^ Fig. 6. 

'21* The AngU or Inddime is that which is contaiucd 

between x)x^ inddent Ray B Cj and a perpendicular to 

the 
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the reflecting furface in the i point of refleftioaFC; ^k-^9 
i/is:. tlie angle B C F. ^* ^^ 

22. The Angkfof Re^e^ion is that contained between 
ithe faid perpendicular F C, and the tcfleftcd ray CE; p- ^ 
rviz* the angle F C E* 7> ^' 

23, RsfraHhn of rays is their being bent or turned 
[out of their firft conrfe, in pafling out of one Medium 
linto another. Let AD H I be a body of JVaterj A D p- 

its furface, C a point in which a ray of light E C (in the 

lair) begins to enter the fame : this ray by the greater 

Menfity of the water, will be refifted, and inftead of 

Ipaffing ftraight forwards in its firft dire£tion to K, it 

will be bent therefrom^ and made to defcribe the tra£t 

C E| which is called the^ nfraHtd Rap Let F G be 

drawn perpendictalar to the furface of tJie medium in 

C, then it is plain the ray B Cj in pafling out of a ranr 

Medium (vizn of Jk) into a dmfer Medium^ {vi%^ of IVa- 

ter) is retraced into a ray C E, which is nearer to the 

perpendicular C G^ than the incident Ray; and on the 

contrary^ the ray E C pafling out of a denfer into a rarer 

Medium^ will be refrafted into C B, which is farther 

from theperpendicular- 

24. The Angle E C F is the angle of Inddmct^ as be- 
fore ; and F C E is the angle of Rjfr&ethn^ as being 
contained between the lefraftcd ray C K, and the per- 
pendicular C G. 

25* A Lim is a medianij generally of Ghfiy of a 
proper form to cdkil or Sfptrji the rays of light which 
pafs through it. Of thele, there are various forms^ 
whicb^ from thence, receive divers names, As, 

P d a 5i6, A 
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l6, A Plau»-Convexy which hath one fide plaiOi the* 
* '*• other fpherical, or convex ; as A. . 

27* A Plam^oncavey plain pn one.^c> and concxvc 
cnthe other; ?sB, 

28. A Douik-ConvcXp, is one C^/^t;^^ on both fides ; 
asC*. . ",' ^ 

29. A DouhU'-Concave^ is 'dne Concqve on both fides ; 
asD. " i 

30. A Mmfcusy IS oTit Cmtex on one $de^ and C^a^ 
ait^# on the other; as £• 

31. A Plain Glafs^ which is flat on both fides, and of 
equal thicknefs in all its parts; as T. 

32. A Flat Plano-^owex^Vihoft convex fide is ground 
into feveral flat furfsiccs ; as.G. 

j3. A Pr//m, with three flat fides, and when viewed 
endways, appears like an aquilateral triangle ; as H» 

34. Gl^fles ground into any of the Ihapes A B C D £, 
are called knfes ; ai|d a line goio^ horizontally through 
thf; middle^ I K^ is called the axis of the lens. 

Fig. II. 35. The Vertex of a Mirror ^ or Lens^ as A B, is the 

fliiddlc point V, every way cqti*Hy diftant f rcxai it^ bafi:. 



36* Th« 
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36* The Jxis of a Mkror, or Lens^ is the right line 
E Dj drawn through the vertex V, and the center C, 
on which it was defer lb ed, 

37. The Vtfual or Optic AngU^ is that which is con- 
tained under the two right Lines drawn from the ex- 
treme points of an objeft to the eye ; thus A E B or 
C E D is the Qpik Jnglc^ or that under which the ob- ^^s "• 
jeft A B or C D appears lo the eye at E. 

^8. A Pencii of rays is a double cone of rays, as 
L O N F Lt joined together at the bafe in the Lm$ Fi^ r^, 
L N; of which one cone L O N has its vertex in 
fome point of an ohjeft, as at O ; and the other cone 
L F N has its vertex in the point of convergencej or 
F^cus F» The middle line O F i% called the jixh of 
that penciL 



Ofthi PraBkalTart ofOpth^ wiih as much Thiory as will 
be fuffcimt fm the d^nfiruiiim and life ofmo/i JCmds 5/" 
Optical hiflrummts^ 

WHAT I here propofe to lay down as the pra^llcal 
part of optics, is chiefly intended for thofe whofe curi- 
ofity and ingenuity may lead them to make farther 
difcovcries in this noble fcicnce. 

The part of optics has always been kept as fecret as 
poffible by people who made it their bufinefs ; and the 
prices of optical inflruments being partly out of the 
reach of any, but fuch as are poffeffed of independent 
fortunes; by this means, fome thoufands of ingenious 
enquirers have been deprived from viewing the glorious 

works 
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works of Nature^ which afford futh an amazing field 
for contemplation and amuferacnt. 

It has bccti attended with great expence, and un- 
wearied ditigertcc for me to gam the little knowledge 
I have of this art, and which I fhall freely com muni ' 
cate to the public in as plain a manner as I poiTibly 
can. In order to do thisj I fliall defcribe the parts, as 
far us the conilruflion and ufe reqiaire^ of every itia- 
chine I flial! have occafion to treat of 3 at tfae fame 
time I would pQrlicularly recommend to every one 
who willies to make Jbme proficiency in optics, to a 
clofc application to the matliematics, as tlxat is the 
only means whereby any one can attain a true knowi 
ledge of its theory. 

My dcfn'c IS alfo to make people fcnlible of the plea* 
fnrc and information the microfcopc and telefcope 
c^n afford^ and inftruft them how to manage as well as 
to make thcfe machines; likcwife explain the effefts of 
glafTes on the fight, and lead them gradually into the 
nature, ufci and magnifying powers of thefe inftru-» 
tacnti, 

OfSpeaadtu 

WHEN ol>je£ls are feen through a pcrfeftly flat 
glafs, the rays of light pafs through it, from them to 
tlie eye, in a ftraight direftion, and parallel to each 
other ; and confcquently, the objefts appear very little 
either di mi m filed or enlarged, or nearer or farther off, 
than to the naked eye, Bnt if the glafs they are feen 
through has any degree of convexity, the rays of light 
are direfted from the circumference towards the center, 
in an angle proportionable to the convexity of the 

glaft. 
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glafs, and meet in a pointy at a greater or Icfler 
diftancc from^ the glafs, as it is more or lefs convex. 
This point, where the rays meetj is called the Focus ; 
and this focus is nearer or farther off, according 
to the convexity of the glafs ; for as a little convexity 
throws it to a coniiderable di fiance, fo when the con- 
vexity is inuch, the focns is very near. Its magnifying 
power is alfo in the fame proportion to the convexity: 
for as a flat giafs fcarce magnifies at all, the Icfs a glafs 
departs from flatnefs, the kfs of conrfe it magnifies | 
and the more it approaches towards a globular figure the 
, nearer its focus U^ and the more its magnifying povrer. 

People's different length of fight depends on the fame 
principlcj and arifes from a more or lefs convexity of 
the cornea and chryftalline humour of the eye; the 
rounder thefe are^ the nearer will the focus or point of 
meeting rays be, and the nearer an obje£t muft be 
brought to fee it well. The cafe of fhort-lighted peo- 
ple is only an over-roundncrs of the eye, which makes 
a very near focus ; and that of old people is a finking 
or flattening of the eye^ whereby the focus is thrown 
to a great diftance: fo that the former may properly 
be called eyes of too fliort, and the latter eyes of too 
long a focus. Hence too, the remedy for the lafl: is a 
convex glafs, to fupply the want of convexity in the 
eye itfelfj and brings the rays to a fhorter focus; 
whereas a concave glafs is needful for the firfl, to fcat- 
ter the rays, and prevent their coming to a point too 
foon. 

Nothing is more common than to obferve old people 
holding objcfls they would examine at a great diflance 
from them, for the rcaibn above mentioned ; and every 

body 
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tx>dy knows, fhort-fighted people cannot diftinguifh an) 
thing without bringing it ycry near their eyes. Botl 
extremes arc very inconvenient ; but thofe whofe eyes 
iure flat by age, fhould remember with fatisfadlon, thai 
they have enioyed the pleafure of them for many years ; 
and the fhort-figfated may comfort themfelves, thai 
they can diftinguifh much imaller objeds than long- 
fighted people : for the objeft is magnified in propor- 
tion to the roundnefs of the eye, and the nearnefs of 
the focus, and confequently appears four times as big 
to an eye whofe focus is but four inches off, as it does 
to one whofe focal diftance is at eight inches. Short- 
fighted people have alfo this farther advantage, that 
age improves their eyes, by the fame means it impairs 
other people's, that is by making- them more flat. 

The nearer any objeft can be brought to the eye, 
the larger will be the angle under which it* appears, 
and the more it will be magnified. Now, that dif- 
tance from the naked eye, where the generality of peo* 
pie are fuppofed to fee fmall objefts beft, is at about 
fix inches ; confequently, when fuch objefts are brought 
nearer than fix inches, they will become lefs diftinft : 
and if to four or three, they will fcarce be feen at all. 
But by the help of convex glaffes we are enabled 
to view things clearly at much fhorter diftances than 
thefe : for the nature of a convex lens is to render an 
objeft diftinftly vifible to the eye at the diftance of its 
focus ; wherefore the fmaller a lens is, and the more 
its convexity, the nearer is its focus, and the more 
its magnifying power. 

Plate XIII, Now, it is evident, from the figure, if either the cor- 
nea, a b c, or chryftallinc humour e, or both of them, be 
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too flat, as iti the eye A, their focus will not be on the 
retina, as at d, where it ought to be, in order to render 
vifipp- diftin£l; but,bey.ond the eye, as at f. Confe- 
quently thofe rays which flow from the objeft C, and 
pafs thro'' the humours of the eye, are not converged 
enough to unite at d ; and therefore the obferver can 
have but a very indiftinft view pf the objeft. This is 
remedied by placing a convex glals g h, of a proper fo- 
cus, before the eye ; wbjch makes the rays converge 
fooner, and imprints the image duly on the retina at d» 

If either the cornea or chryftalline humour, or both 
of them, be too convex, as in the eye f, the rays that 
enter in from the objedl C, will be converged to a fo- 
cus in the vitreous humour, as at f, and by diverging 
from thence to the retina, will form a very confufed 
image thereon ; and fo, of courfe, the obferver will 
have as confufed a view of the ohjeA as if his eye had 
been too flat. This inconvenience is remedied by 
placing a concave glafs g h, before the eye ; which glafs, 
by caufing the rays to diverge between it and the eye, 
lengthens the tocal diflance fo, that if the glafs be pro- 
perly cbofen, the rays will unite at the retina, and form 
a difliniA pi£lure of the objedl upon it. 

When glafles are put in frames for fpe£tacles, their 
frames ought not to be flraight, fo as both eyes may 
be as the fame plane ; but they ought to be fo bent in 
the middle, that the axis of both glafles may be direded 
to one point, at fuch a difl:ance as you generally look 
with ipeftacles. By this means^ the eyes will fall per- 
pendicular upon both glaflTes, and make the objed ap-- 
pear diftinfl. But if they fall obliquely upon the glafles, 
it will caufe a confufed appearance in tife objefts ; 
therefore, the (hape of the frame ought to be as repre- 

No. XIV, E e fented 
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^*g *• fcnted when A B is the plane as one glafs is fixed, and 
GDtheotb«r. 

Spectacles are the moft ufeful optical machine in the 
world. There are few people that grow into years hut 
have occaGon for them to help their defeflive eyes ; and 
without them would be ufelefs in a great many occa- 
fions of life, . 

OF MICROSCOPES. 

THE word Microfcope imports an inftrument for 
viewing feveral fmall objedls. I havebfefore obferved, 
that IsJature has fo formed the Iwman.eye, that we can- 
not tliflindlly view an objedl ^t a nearer diftance than 
fix inches : and fmce there is an affinity of objedls 
whith at that diftance appear either aspoints, or are 
whblhy imperceptible, whatfoever inftrument or con- 
tHvancewill render fuch minute objefls vifible and 
diftinfl:, we properly <iall a Microfcope* 

It is ufual to fay, that the microfcope magnifies ob- 
jects feen through it ; but this is true only with re- 
gard to the apparent, not the real magnitude ofob- 
jefls; they indeed appear to be larger with than with- 
out a microfcope ; but in truth they are not ; and the 
reafon why they appear to bemagtiified will.be eafy to 
ijiptebehd, by any perfoA who Underftands the nature 
of the optic angle. 

The apparent magnitude of obje£ls is meafured by 
the angle which they are feen under by the eye ; and, 
thofe angles are reciprocally as the diilances from the 
eye^ If therefore at the diftance of fix inches, I can but 
juft difcern an object, and then by the interpofing a 

lens. 
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I ens, or other body, I can come to view that very ob- 
je£t at a nearer diftance, the ohjefl will appear to be as 
much larger through the lens than before to the na- 
ked eye, as its diftance from the lens is lefs than its dif- 
tance from the eye. 

That this is the cafe is evident, from where A is a Fig. 5* 
point in an obje£t not clearly vifible to the naked eye, 
at a lefs diftance than A B, becaufe the rays which 
proceed from it are too diverg;ent to ad(niirof;.diftinA 
vifion till they have pafied that diftanc^; but if the 
fame objeA be placed in the focus C of the lens D, the 
rays which proceed from it will become parallel, by 
paiSng thro' the faid lens, and therefore the objeft is 
diftin<aiy vifible to the eye E, placed anywhere before 
the lens D. Confequently it will appear as much 
larger through the lens than to the naked eye, as CD 
is lefs than A B. 

If an objedl A B be placed in one focus C of a lens Fig. 4, 
D E, and the eye in the other focus F, the eye will fee 
juftfo much of the obje£t as is equal to the diameter of 
the lens ; for the rays of A D and B E, which go from 
the objedl to the extremities of the lens D and E, and 
are united at the focus F, mufl necefTarily proceed 
from the obje6l to the lens parallel to the axis F C, 
and therefore parallel to each other ; confequently the 
part of the obje<ft A B, feen by the rays D F, E F, will 
be equal to the diameter D E of the faid lens. 

If only the part d e of the len^ be open, then only 
fo much of the obje£l a b, as is equal thereto, will be 
perceived by the eye. Now fince A B is equal to D E^ 
or a b to d e, thqrefpre the angle D F £, or d F e, is the 
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optic angle under which the part of the objeft A B or 
a b appears to the eye at F ; and fincc G F is but one 
half F C, therefore the ^ngle D F E, or d F e, is 
double to that under which the part A B or a b would 
appear to the naked eye at the diftance FC ; that is, 
if the eye fees the objedl fituate as above, twice as large 

* with the lens as it would do without it. 

If yotv would fee a portion of an obJ€<^ larger than 
the lens;o](inir eye muft be placed nearer the lens th'an 
its focus. Let the lens be D E, its two foci Fand C -; 
* in the focus C let there be an obje<Sl A B larger than the 
Ij lens ; fuppofe th^ rays A Dy B £, proceed from the? ex- 

tremities of the objedl to thofe of the lens^ it is evident 
from the figure th^y will be convergent, and therefore 
will by the lens be united in a point K, between the 
lens D £, and its focus F : if then the eye be placed at 
K, it will take into its view an objedl greater than the 
lens D £• 

Again, let G H be a portion of an obje<S A B, lefs 
than the lens D E ; draw G D, H E, which will be 
diverging rays, and therefore will be united at a point 
I, farther diftant from the lens than the focus F : hence, 
if an eye be placed farther from the len»than its focal 
diflance, it can never fee any objedt, or part of an ob- 
je£b, at one view, .fo large as the lens, but always 
fmaller. And univerfally, the vifible part of an objecSl 
will be t*o the lens as the focal diftance of the lens to 
the diftance of the eye. 

Since then it is evident th6 nature of a convex lens is 
fuch as will render an objedl diftin£tly vifible to the 
eye at the diftance of its focus, the reafon why they 

are 
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are ufed as microfcopes is exceeding plain. For fup- 
pofe the diftance A B be fix inches, where the naked 
eye B can but juft perceive the objeft A diftindlly, and 
let the focal diftance C D oiF the lens D be half an inch ; 
' then fince C D is but one-twelfth of A B, the length 
of the objeft at C will appear twelve times as large as 
at A : if it were a furface, it would be one hundred and 
forty-four times as great ; and the folidity or bulk 
would be magnified one thoufand feven hundred and 
twenty -eight times. 

If C D, the focal diftance of the lens D, be but one- 
fourth part of an inch, then will that be but i-24th 
of A By equal fix inches, and fo the length of objeAs 
will be magnified twenty-four times ; the furface five 
hundred and feventy-fix times, and the folidity thirteen 
thoufand eight hundred and twenty-four times ; for 
thofe numbers are the fquare and cube of twenty-four. 
From whence it appears, that fingle glafs lenfes make 
very good microfcopes, ^which have thefe advantages, 
that the objedl appears moft clear, they lie in little 
room, may be carried ahout anywhere, are to be had 
for a fmall price, and are moft eafy to be ufed. 

The form of a very convenient microfcope, is where * p. g 
A B is a circular piece of wood, ivory, &c. in the mid- 
dle of which is a fmall hole, i-20th of an inch diame«> 
ter : upon this hole is fixed, with a wire, a fmall lens C, 
whofe focal diftance is C D. At that diftance is a pair 
of plyers D E, which may be adjufted by means of the 
Aiding fcrew, as in the figure, and opened by means of 
the two little ftuds a e ; with thefe you take up any 
fmall objedl O, and view it with the eye placed in the 
other focus of the lens at F ; and according to the focal 

length 
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length of the lens, the ohjcS O will appear more or 
lefs magnified, as reprefented at I M. If the focal 
length he half or Jth of an inch, the length, furface, and 
bulk of the objed will be magnified as before defcribed. 
This fmall inftrument may be put into a cafe, and car- 
ried about in the pocket without any incumbrance. I 
have made trial of various lenfes, and find thofe who(e 
focal lengths are 3-ioths, 4-ioths, and 5-ioth^ of an 
inch, the befl for common ufe. 

Since the nearer the eye can approach to an objeft, 
the larger it appears, it is plain a double and equally- 
convex lens is far preferable to a plano-convex lens ; 
becaufe if the fphere or convexity be the fame, the fo- 
cal length of the former is but half as long as of the 
latter : and finee the double convex confifts of two 
fegments of a fphere, the more an objeil is to he mag- 
nified, the greater muil the convexity be, and there- 
fore the fmaller the fphere i till at laft the utmoft de« 
gree of magnifying will require that thefe fegments 
become hemifpheres, and confequently the lens will 
be reduced to a perfefl fphe/ule, or very fmall fphere. 

If the radius of the fpheru'ebe i-ioth of an inch, the 
eye will have diftin<a vifion of an objefi by means 
thereof, at the diftance of i| radius; i.e. 3-20ths of 
an inch, which, a5 it is but the 40th part of fix inches, 
ihews that the length of an objedl will be magnified 
forty times, the furface one thoufand fix hundred 
times, and the folidity fixty-four thoufand times, by 
fuch a fmall fphere. 

If the radius of a fpherule be but i-20th of an inch, 
then will the eye have diftindl vifion of an objeil at 
the diftance of 3-40ths of an inch, which, as it is but 

the 
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the Both part of fix inches, (hews the length of objefts 
will appear 80 times greater, the fur face 6,400 times^ 
and the bulk 512,000 times greater to the naked eye at 
fix inches diAance. 

Again, if the diameter of a fpherule be i-20th of an 
inch, or the radius i-40th, then will the eye approach 
the objeA fo near as the 3-8oth part of an inch, whiclv 
is but the i6oth part of fix inches; and therefore the 
length of objedts will be magnified 160 times, the fur- 
face 25,660' times, and the folidity 4,096000 times by 
this fpherule ; which isfogreat a power of magnifying, 
as furpaiTes all human imagination and comprehenfion. 

In ufing thefc fpherule microfcopes, the obje<£ls are 
to be placed in one focus, and the eye in the other; 
and fince the focus is fo exceeding near the glafs, it is 
impofiibie to view any but pellucid bodies; for if any 
opaque obje£l were to be applied, the eye being, as it 
were, juft on the fpherule, would entirely prevent any 
light falling on it, and it would be too obfcure to be 
viewed. 

It was with this fort of microfcopes that the famous 
Dutch philofopher, Mr. Leeuwenhoek made fuch won- 
derful difcoveries ; and it mud be with thefe, if with 
any, that the corpufcles or atoms, of which bodies con- 
fift, arc to be difcovered ; which the great Sir Ifaac 
Newton thought was poflible. But the great difficulty 
of making very fmall and at the fame time very good 
ones; their prejudice to the eyes, in poring very hard 
and near ; the trouble of placing objedls at a due dif- 
tance, and the very fmall part which can be feen of 

any, 
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any, make this fort of microfcopes very little known 
or ufed. 

Of a Single Microfcojie for Opaque Obje^s. 

THIS microfcope remedies the inconvenience of 
having the dark fide of an objeft next the eye, which 
has hitherto been an unfurmountable obftruction to 
the making obfervations on opaque objects with any 
confiderable degree of exactnefs or fatisfaction ; for in 
all other contrivances commonly known, the nearneft 
of the inftrument to the object (when glaffes that mag- 
jf nify much are ufed) unavoidably overfhadows it fo 

much, as to render its appearance obfcure and indif- 
tinct : and, notwithftanding, ways have been tried to 
point light upon an object from the fun, or a candle, 
by a convex glafs placed on the fide thereof ; the rays 
from either can be thrown upon it in fuch an acute 
angle only, that they ferve to give a confufed glare, 
but are infufficient to afford a clear and perfect view of 
the objeft. 



But in this new microfcope, by means of a concave 
fpeculum of filver, highly poliflied, in whofe center a 
magnifying lens is placed, fo direft and ftrong a light 
IS refledled upon the ubje£t, that it may be examined 
with all imaginable eafe and pleafure. 

The apparatus for thispurpofe has afforded me more 
delight and fatisfa£tion than I am able to defcribe j 
and whoever tries it^ will, I believe, join in my opi- 
nion, that he never fawan opaque obje<Sl with fo much 
clearnefs, and in fo perfeA and true a manner. 

The 
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^he fereral parts of thi^injftfMinent, commoAly made 
of brafs^ are as follovr : 

. Through the firft fide Aj pafles a fine fcrew B, t^i^ Fig. 7. 
other end wherepf is faftened to the moveable fide C. 

D is a nut adapted to the faid fcrew, by the turtUdg 
of which the two fides A C are gradually brought to- 
gether. 

E is a fpring of fteel, that feparates the fald twp 
iidps when thpjnut is unfcrewed. 

F a piece of brafs turning round in a focket, whence 
proceeds a fmall fpring*tvihe, moving upon a rivet, 
through which tube there runs a fteel wire, one end 
whereof terminates in a fharp point G, and the other 
hath a pair of plyers H faftened to it. The point and 
plyers areto thruft into or to take up and hold any ia* 
fe<9: or obje6l: : and either of them may be turned upV 
wards, as fuits your purpofe beft. 

I is a ring of brafs with a female fcrew within it, 
mounted on an upright piece of the fame metal, whith 
turns round on a riv^t, that it may be let at a due 
diftance when the leaft magnifiers gre employed. This 
ring receives the icrews of all the magnifiers. 

P a handle turned of wood, to fcrew into th<5 inftra- 
ment when it is made ufe of. 

K a concave fpeculum of filver, poliftied as 'bright as p, |^ 
poffible, in the center of which a double convex lens is 
• No, XIV. F f placed. 
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pbcedy with a proper aperture to look through it« On 
the back of this fpeculum a male fctew L is made to 
fit the brafs ring I, to fcrew into the faid ring at plea- 
fure. 

There are four of thefe concave fpecula, of dlfFerent 
magnifying powers, tobeufed asobjedsto be examined 
may require. The greateft magnifiers mull always^ 
have the leafl apertures. 

Fif. ». ^ ^ round objeft-plate, one fide wliite and the other 
black, intended to render objeds the more villble, by 
placing them, if black, on the white, and if white on the 
black fide. A ileel fpring N, turns down on each fid6 
to make any objeA faft : and ifTuing from the objedi 
plate is a hollow pipe, to fcrew it on the needle's point 
G. 

Fif. xo. O is a fmall box of brafs, with a glafs on each fide, 
contrived to confine any living objedl^ in order to ex- 
amine it : this alfo has a pipe to fcrew upon the end of 
the needle G. 

Fig. IX. Q^a pair of brafs plyers, to take up any objedl, or 
manage it with conveniency. 

Fig. It. ^ * ^^^^ hair-btufh, to clean the glafTes or fpecula, or 
apply ^ drop of any liquid to the ifinglafs of the box O, 
in order to view the animalcules. 

•p. S a fmall ivory box for the talcs, to be placed when 

trig. 13. ' 

wanted in the fmall brafs box O. 
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When you would view any ohjefl, fcrew the fpecu- 
lum, with the magnifier you would think beft to ufe,- 
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into the brafs ring L Place your object either on the 
needle G, in the plyers H, on the object-plate M, or 
in the brafs hollow box O, as may be moft convenient, 
according to the nature and condition of it : then, 
holding up your inftrument by the handle P, look 
againft the light, through the magnifying lens, and by 
means of the nut D, together with the motion of the^ 
needle, by managing its lower end, the object may be » , 
turned about, raifed, or depreffed, brought nearer the 
glafs, or put farther from it, till you hit the true focal 
diftance, and the light be feen reflected from the fpecu- 
lum ftrongly upon the object ; by which means, it will 
be (hewn in a manner furprizingly didinct and clear. 
And for this purpofe, the light of the fky, or of a 
candle, will anfwer to your fatisfaction. 

This microfcope is principally intended for opaque 
objects, but traniparent ones may alfo be viewed by it: 
obferving only, that when (uch come under examina- 
tion, it will not always be proper to throw on them the 
light reflected from the fpeculum : for the light tranf-^ 
mitted through them meeting the reflected light, may, 
together, produce too great a glare. A little practice 
will teach how to regulate both thefe lights to good 
advantagie. 

There is reafon to expect great difcoverics may be 
made by the apparatus above defcribed, as opaque ob- 
jects are a large field, but little hitherto examined, by 
reafon of the great diflSc ulty in doing it. 
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Fig. I. 



0/Mr. rVitJorfsJtngU Pocket Mcrofcope. 



THE body is made either of brafs, ivory, or filver» 

Plate as reprefented A A B B. 
XIV. '^ 



C C is a long fine-threaded male fcrew, that turiu 
into the body of the microfcope. 

D a convex glafs at the end of the faid fcrew. 

I. Two concave round pieces of thin brafs, with 
holes of. different diameters in the middle of them, to 
cover the faid glais, and thereby dimini(h the aperture 
when the greateft magnifiers are employed. 

E E three thin plates of brafs within the body of th« 
microfcope, one whereof is bent femicircularly in the 
middle, fo as to form an arched cavity for the recep* 
tion of a tube of glafs, whereas the two fiat plates are 
to receive and hold the Aiders between them, 

F a piece of wood or ivory, arched in the manner of 
the femicircular plate, and cemented thereto. 

G the other end of the body of the microfcope, 
where a hollow female fcrew is adapted to receive the 
different magnifiers. 

H a fpiral fpring of ftecl, between the faid end C and 
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the plates ofbrafs; intended to keep the plates iii a 
right pofitton, and counteradl againft the long fcrew 
CC 

I a fmall tarodd handle, for the better holding of tbo 
inftrum^nt, to fcrewon or off at pleafure. 

To this microfcope belong feven different magnify- 
ing glafles : fix of them are fet in filver, brals, or ivory, 
as in K, and marked if 2, 3, 4, 5, 6, the loweft num« p. ^ 
bers being the greateft magnifiers. 

L is the feventh magnifier, fet in the manner of a Fig. 3* 
little barrel, to be held in the hand for the viewing any 
larger objedl. 

The figure may be of further ufe, by applying a thin 
cap, with a hole in it, a quarter of an inch fquare, ^ifr 4* 
exa£t in the focus of the lens ; by which means, when 
a piece of linen cloth is applied upon 'the brafs, and 
viewed through the other end, the threads will appear 
greatly magnified, fo.that they may* be counted, and 
thereby the quality of the cloth may &e afcertained by 
calculation. 

. M is a flat flip of ivory, called a Aider, with four 
round holes through it, wherein to place objeds be- '^' ^* 
tween twQ g.laff©s or pieces of Mufcovy talc, as they 
appear d d d d. 

Eight fuch ivory Aiders, and one of brafs, are ufually 
fold with this microfcope ; fome with objedis placed in 
them, and others empty, for viewing any thing that 
may offer : but whoever pleafes to make a large collec- 
tion of objefts, may have as ipany as he defires. 

Tho 
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The brafs Aider is to confine any fmall objedl, that 
it may be viewed without crufhingordeflroytng it» 



Fig. $. 



N is a forceps or pair of plyers, for the taking up in- 
fers or other obje£ls, and adjufting them to the glafies. 



pj O is a little hair-brufti, or pencil, wherewith to 

wipe any dull from off the glaffes, or to take up any 
fmall drop of liquid one would examine^ and put it 
upon the talcs or ifinglafs. 

Fif.8. P is a tube of glafs, contrived to confine living oh* 
jeds, fuchas frogs, fifhes, &c. in order to difcover the 
blood, as it ftreams along the veins and arteries. 

All thefe particulars are contained in a little neat 
box, very convenient for carrying in the pocket. 

When an objeft is to be viewed, thruft the ivory 
Aider, in whieh the faid objedl is placed, between the 
J- J two flat brafs plates E E ; obferving always to put 
that fide of the Aider where the brafs rings are, far theft* 
from your eye. Then fcrew on the magnifying glafs 
you intend to ufc, at the end of the inftrument G ; 
and looking through it againfl the light, turn the long 
fcrew C C, till your objeffc be brought to fit your eye ; 
which you will know by its appearing then perfe6Hy 
diilin€k and clear. 'Tis befl to look at it firft through 
a magnifier that can (hew the whole thereof at once, 
and afterwards to infpe£l the feveral parts more par- 
ticularly with one of thegreateft magnifiers ; for thus 
you will gain a true idea of the whole, and of all its 
parts. And though the greateft magnifiers can (hew 
but a minute portion of any objeft at once, fuch as tl^e 
claw of a flea, the horn of a loufe, or the like, yet, by 

gently 
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gently moving the Aider that contains your objcft, 
the eye will gradually overlook it all ; and it any part 
fliould he out of diftance, the fcrew C C vtrill eafily 
biing it to the true focus. 

As objeAs muft be brought very near the glafles 
when the greateft magnifiers are ufed, be particularly 
careful not to fcratch them as you move it in or out. 
A few turns of the fcrew C C will eafily prevent this 
mtfchief, by giving them room enough. 

Yoii may change the objedls in your Aiders for what 
others you think proper, by taking out the brafs ring 
with the point of a penknife ; the talc will then fall 
out, if you but turn the Aiders ; and after putting what 
you pleafe between them, by replacing the brafs rings, 
you will faften them as they were before. *Tis proper 
to have fome Aiders furniftied with talcs, but without 
any objefls between them, to be always in readinefs 
for the examination ot Auids, falts, fands, powders, the 
farina of flowers, or any other cafual objedlsof fuch lort 
as need only be applied to the outAdeof the talc. 

The circulation of the blood may eafieft be feen in 
the tails and fins of fifhfs, in the fine membranes be- 
tween a frog's toes, or heft of all, in the tail of a water- 
newt. If your ohjedl be a fmall fifti, place it within 
the tube, and fpread its tail or fin againft the fide 
thereof: if a frog, chufe (uch an one as can but juft 
be got into your tube, and with a pen or ftick expand 
the tranfparent membrane between the toes of the 
frog's hiiul foot as wide ns you are able. When your 
objedl is fo adjufted, thac no part thereof can intercept 

the 
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the light from the place you iottnil to view, unfcfew 
the long fcrew C C, and thruft your tube into the 
arched cavity^ ^uite throogh the bodyx>f the inicro«> 
fcope ; then fcrew it to the true focal drftance^ and yo« 
will fee the blood paffing along its reflels with a rapid 
iiiotiony and ia a moft fiirprifiiig manner* 

Make ufe of the third or fourth magnifier fpr frogs 
or fifties; but for the tails of water-newts, tlie fifth 
cr fixth will do, hecaufe the globules of their b}ood 
are twice as large as thofe of frogs or fifli. The firft 
or fecond magnifier cannot well be employed to thi» 
|>uipo{ie; for the thicknefs of the tube wherein the' 
objeA lies, will {carce admit its being brought fo near 
as ithe focal diftance of the magnifier .^ 



A Posket Microfcojie^ vJith a ReJteBing Sfiaculum, 

Fig. 9. A is a fcroll of brafs, fixed upright on a round pe^ 
deftal of wood B, fo as to ftand perfeSly firm and 
fleady« 

C is a brafs fcrew, that pafles through a hole in the 
upper limb of the fcroll, into the fide of the micro- 
fcope D, and fcrews it iaft to the faid fcroll. 

E a concave looking-glafs or fpeculura, fet in. a box 
f)f brafs, which hangs in the arch G, by two fmall fcrews 
f f, that fcrew into the oppofite fides thereof. 



At 
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At the bottom of the faid arch is a pi a of the fame 
metal, exafily fitted to a holeh, in the wooden pedeftal, 
rmade for the reception of the faid pin. 

As the arch turns to this pin, and thefpeculum turiis 
loo the ends of the arch, it may^ by thjg twofold mo- 
ItioHp be eafily adjufted, in fuch a manner as to reficft 
Ithe ligtc of the iky^ the fun, or a candle, direflly iip- 
rards, through the microfcope that is fixed perpendi- 
cularly over it I and by fo doing, may be made to 
anfwer almoA all the ends of the large double refle£ting 
microfcope » 

The body of the microfcope may alfo be fixed hori- 
'zontally, and objefls may be viewed in that poll tioii 
by any light you chgofe : which is an advantage the 
rcfle£ling microfcope has not* 

w 

It may alfo be rendered farther ufeful^ by means of 
a flip, of glafs, one end of which being thtuft between 
the plates where the Aiders go, and the other extending 
to fome diflance, fuch obje£ls may be placed thereon 
as cannot be applied to the Aiders : and then, having 
a limb of brafs that may be faftened to the body of 
the microfcope, and extend over the pTojefling glafs 
a hollow ring, wherein to fcrew the magnifiers, a!l 
forts of fubjcfis may be examined with great conve- 
niencyj if a hole be made in the pedeftal to place the 
fpccuUim exaftly \inderneath, and thereby throw up 
the rays of light as in the next figure. 

The pocket*microfcope thus fixed, is, if I may pre- 
fume to judge, as eafy and picafant in Its ufe, and as 
fit for the moft curious examination of the animalcules 
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and iaks in fluids, of the farinse in vegetables, of the 
circulatioils in fmall creatures : hi fhort, it is likely to 
make as confiderable difcoveries'in obje£is that ha?e 
fome degree of tranfparency, as any microfcopes I have 
ever fccn or heard of. 



Another Jingk Microfcopc on a Foot or StartdJ 

THE fingle microfcopes, hitherto defcribcd, have 
be^n contrived in many different forms ; which on 
fome occaiions are very neceffary and convenient. I 
have here given the form or ftrufture of one which I 
think, in fome cafes, preferable to any I have iecn. * 

This is the general form of the inftrument in Which 
A B is the bails or foot. 

fif. I©. GDI is the ftem, of which the lower part C is in 

the form of a pillar; and the upper part D h&s.fbar 
plain (ides. 

E F are two fquare fockets pf brafs, moveable, up 
and down together upon the fquare part of the ftem, 
heing conncfted by a commo.n fprpw; bu^ this lULOtion 
is checked by the conftant preflure of a fpring. 

G is a fcitw, by which the part E is fixed to the ftem. 

If is an adjufting fcrew, by tviiich the part F is gra- 
dually moved up and down : and thereby KL, the 
ftage on which the objefts are placed, has^M N the 
Aider, with its objeSs, duly adjuftcd to the focus of 
the magnifiers. 

Lis 
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L IS a joint by which the ftage is capable of an hori- 
zontal motion J to fliew any part of the objeft without 
moving the flitlen 

O P is a circular piece of brafs confifting of two 
plates, between which are placed fix fmall leufcs or mag- 
nifiers in a circle near the extreme part, and is move- 
able on a fcrew, in its center, which goes into 1 Q^j 
a piece of brafs fixed very firmly on the top of the flem; 
upon this is Qa circular piece of brafs foJdered on, with 
a hole in the center^ under which the circle of glaffcs 
below paffes ; and, confcquentlyj any one of the lenfcs 
being brought to the center of this hole^ will l:w: ex- 
aftly over the center of the hole in the ftage, ant! flicvr 
the objcfls when adjufted to the focus of the faid lens. 

R is the fpeculum that reflefts tlie light through the 
microfcope. 



2^7 



^ Migahjcope^ f&r viewing large Ohjc^s^ 

THIS is an optical inftrument that may be properly 
called a megalafcopc for the hand^ becaufe it is aJ;ipt- 
ed for viewing all the larger fort of fmall obje^s ; fuch 
as infe£ts, flowers, minerals, linen, &c, to a very gfcat 
advantage i as with three glaffcs only it has feven dif- 
ferent magnifying powers. 

A B is the cafe of brafs* filver, &c, 

D, E, F, three fever al lenfes with difFerent magni- 
fying powers, which are all contained in the faid cafe, 
and turned out at plesfure* 

G g a H tlie 
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H the handle. 

The three glaffcs fingly, afford three minifying 
powers, and by combining two and two, we make three 
fnore ; for D wi^h £ makes bae^ D with F aUcthdr^ 
and E with F k third ; which, with the three fingljr^- 
make fix: and laflly, all three combined together 
make another^ fo that, upon the whole, there are lipYt4 
powers pf nragnifying with three glafTcs only. , ^ 



0/ Dcubl^ or Compound Micro/capes. 

f Ifr la: The Double or Compound Microfcope, confifls of s^n 

pbjeft-glafs c d, and an eye-glafi e f. The fmall ob- 
jed: a b is pljiced at^ little greater diftance from the 
glafs c d than its principal focus, fo that the pencils of. 
yays flowing from the different points of the objefl-, 
^ and pafling through the glafs, may be made to converge 
and unite in as many points b^weeii g and h, where 
the image of the objed will be formed : which image 
ii, viewed by the eye through the cye-glafs e f. For 
fhe (5ye-glaf|^beiqg; {& placed, that the image g h ttiay 
be in its focus, and the eye hitich about the fame dif' 
^nct on the other fide, the rays bf each pencil will bts 
parallel after going out of the eye-gkfi, ^s at e and f, 
. till they conae to the eye at k, wher^d they will bfcgin to 
converge by the rpfraftivc power^s of the humours; 
and after having crolTed each other in the pupil, and 
piflTcd tbrcfugpSthechryftall^^.jafid vitreous humours,, 
xMy will be coUeded into points on the retina, and 
form the large inverted image A Bj;hereon« 



USEFUL KNOWLEDGE, 

The magflifying power of this microfcope is as fol- 
lows : Suppofe the image g h to be fix times the diftancc 
of tlic obje^ a b from the obje^-glafs c d; then will 
the image be fix times the lengih of the objcft : but 
fince the image could not be feen diftinftly by the 
bare eye at a lefs dLftance than fix inches, if it be 
viewed by an eyc-glais e f^ of one inch focus, it will 
thereby be brought fix times nearer the eye ; and cofl'-.: 
fequcntly viewed under an angle fix times as large as 
before; fo that it will be again magnified fix times; 
that is, fix times by the objeft-glafs, and fi^L times by 
the eye-glafs; w^hich multiplied into one another, makes 
thirty-fix times; and fo much is the objeft magnified 
in diameter more than what it appears to the bare eye; 
and confequently thirty-fix times thirty*fix, or one 
thoiifand two hundred and ninety -fix times in furfaec. 

But becaufc the extent or field of view is very finaU 
in this microfcope, there are generally two .eye*gUfles 
placed fometimes clofe together, and fomeiimes an inch 
-afunder ; by which means, although the objeft appears 
Iffs magnified, yet the vifible area is much enlarged by 
ae intcrpofition of a fecond eye-glafs i and confe- 
luently a much pleafanter view is obtained. 
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7%e Defcrifthn and Ufi&fa Campmnd ^fiercfc^pe. 

Is the form of a compound microfcope for the pocket. Fig. 13. 

A Q^is the body or internal part which 1$ moveable 
&p and down in C D, an external cafe of wood, brafs, 
' lilvcr. 

E, one 
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E, one of thfe tJtrce pillars which fupport the inflru- 

F^ a plate fixed (hofizontallyj to the Icgs^ ufually 
called the ft age. 

G, a hole in the central part, in which glafs* and 
other parts of tbc apparatus arc placed^ with objcfts to 
be viewed. 

H, an inuminatlng or rcflcfling fpccuinoi. 

I, the foot of ihe ioftrument. 

K, h a pipe to which is fcrewcd 

Q_, a brafs button or cafe to hold the magnifier. 

In this compound mlcrofcope there are generally 
three (ibmctimes four J glaffes employed to produce 
the effefl, viz, t« The magnifying lens at Q, which 
makes a large image in the upper part of the fmall 
obje^ below, 2. A large lens at B, caOed the body- 
glafsj which is the caufc of a larger field of view, ^^ 
An cye-glafs at A, by which we view the enlarged 
image of the objeft in its focus* 



md DoubU Murojcopes* 

THE magnifying power in all optical inftrumeats 
depends upon this one principle, that every objcd is 
apparently greater or Icfs in proportion as it is nearer 
to or farmer from the eye; becaufe the nearer it is, 

the 
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tli« larger h the vifual angle under wliich it appcar^^ 
^,i*f vkt verfa* 

jBut die' eye is fo formed as to admit of diftinft 
' vlfion by fucli rays ooiy as are nearly parallel; and 
therefore every objeS rnuft be removed to fuch a dif- 
,tan^ce from the eye that the rays of light ifliiiiig from 
L every point diereof, may fall upon the eye with fmall 
], divergency^ or nearly pajrallel; which diflancc is in dif- 
ferent eyes from fix to eight inches, ^a^jjmy one may 
find by trial, ' 

NoWj fince a convex glafs convenes parallel rays to 

'a point or focus; therefore^ on the contraryj if an pb- 

l:jc£l be placed in the focus of fucb a IcnSj, the rays pro* 

I cceding from each point will be refraftcd parallel to 

the eye, and thereby produce diflinft vifion of th^ 

objcfk in Its focus. 

Hence then it follows, that if a b be a very fmall 
|j9bic£t in^tlie focus of ilie glafs c, whofc focal diftance ^*^' '^ 
1^3 on^ inch, the^ eye applied to^ the lens C wiU have the 

^liftinft vilion thereof; and this being at a diftance fix, 

JevenjOr eight tinifs nearer tlian the .eye alone conld 
I clearly ice itj it mull appear fo many times larger thaa 
fta, the naked eye^^and therefore ^we propeHy .fay^^ it 

is magnified to luch eyes, fix, fevcn, or eight times ia 

length and bread tlu 

But all furfaccs are magnified m proportion to the 
fquares of their lengths or fides; therefore the furfaces 
of objefts are magnified thirty-fi^c, forty-nine^ or fixty- 
four times, by a lens of one inch focal diftance. 

Alft^ the bulk or magnitude of the whole body, will 

be 
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be magnified in proportion to the cubes of tke fides lir 
length ; and therefore all folid bodies will, by fuch 
z lens, be magnified two hundred and fixteen^ three 
hundred and forty-three, or five hundred and twelve 
times, to fuch eyes rcfpcftively. ' 

If the lens C were bat of half in inch focal diftildiice, 
the lengths of the objeds -would ))e magnified *tWice' as 
mueb : the furfaces four timies, ahd the ms^riitotfe or 
>tilk, eight times as much as before. 

If the focal diftance of the lens C be a quarter of an 
inch, 'then the lengths aremagnified four times as much, 
"viz." twenty-four,, twenty-eight, or thirty-twp times ; 
^ "ihc furfaces fixteen times as much, or 576 times more 

than to the naked eye at fix inches diftance ; and folid 
bodies are magnified fixty-four times more tbaa \xy the 
lens of a whole inch focal diftance. 

Once more : Suppofotfae lens fo ffldall that its focal 
diftance ia but i -tenth of an inch, then the length of 
an objed is magnified (ixty, feventy, or eighty' times'; 
the furface 3,^00? ^,90(^ or 6,400 times; and tbefoli- 
dity or whole bulK'««6,€bo, 343,000, or 5 12,600 timc^ 
or fo much larger do 4:he bodies of miles, or thei?'egg;j^ 
appear than ta'thd flaked eye atfix^, feven, ore^ht 
inches diftance. 

After the fame manner. you may compute the mag- 
nifying power of lenfes of. i-twcnticth, i-thirtieth« I 
i^fortieth and even i-fiftieth part of an inch focal dit I 
tance, which may be made if required ; but they arc | 
with difficulty ufed. By a lens i -fiftieth of an inch, 

the 
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the length is magnified 300 times; and the fiirface" 
90,000 times; and the folidity 27,000,002 times* 

But thefe enormous powers of magnifying are much ^ig, 13. 

better eiFeded in compound microfcopes ; and be tl^t 

in what degree you pleafe, it is thus eafily eftimated.; 

Let C be the objeft lens in the cell Q^ Fig. 13 of the 

compound microfcope ; if then a fmall objeft, a b, be, 

placed on the ftage at G, a little more than the focal 

diftance, there will be formed by the faid lens C, ^ 

large image S T, in the upper part of the microfcope ; 

and this image is viewed through the glafs G 1} in its. 

focus below at O. . 

■ * 
Now it is eafy to underftand that the image S T is 

as. much larger than the obje£t a b, as the diftance 

C A exceeds the diftance C a from the lens, Suppofe 

the image S T fix times larger than the object a b; then 

if it be viewed by a lens G H of one inch focal dif- 

taAce^ the image S T will appear magnified fix times 

at leaft, and therefore the objeft a b will be magnified. 

fix times fix, or 36 times in length ; and 36 times 36, 

ori,296 times in furface; and 36 times 1,296, or 46,656 

times in the bulk of folidity. And yet with thefe 

great powers of magnifying, the lens C may not be of 

lefs than half an inch focal diftance, in the leaft fort of 

compound pocket microfcopes. 

But with a fingle eye-glafs G H, we have too finall 
a field of view, therefore we ufe two, viz. A B and 
D E ; the firft contra£ls the image S T into another^ 
I M, which is lefs ; and this is viewed by the eye-glafi 
D E, Now both thefe glaffes may have a magnifying 
power equal to that of >a given fingle glafs G H, by 
this rule : Let their diftance be equal to the difference 

No, XV. Hh of 
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of their focal lengths, and their magnifying power will 
be equal to that of a lens whofe focal diftance is half 
that of the greater A B. 

For example: Suppofc the focal length of A B to be 
two inches i-half, and that of D E one inch; then TT 
their diflance be one inch i-half, their joint magnify- 
ing power will be equal to that of a liftgle lens G H, 
whofe focal diftance is one i-fourth^ equal half that of 
A B. By the two eye-glaffes the rays are converged 
to the eye at the compound focus F, much lefs afFe Aed 
by thb errors ariling from the aberration of rays, both 
from their different refrangibility and the figure of 
the glaifes, . 

IThe Solar f or Camera Obfcura Mlcrofcope. 

THIS microfcope depends on the fun-fhine, and 
ihuft be made ufe of in a darkened chamber, as its 
name implies. 

It is cpmpofed of a tube, a looking-glafs, a convex lens, 
andWilfon's fingle pocket microfcope, before defcribed. 

The fun's rays being direfted by the looking*glafs^ 
through thfe tube upon the objeft, the image or pifhire 
of the objeft is thrown, diftinftly and beautifully, upon 
a fcreen of white paper, or a white linen Iheet, placed 
at fome diftance to receive the fame ; and may be mag- 
nified to a iize beyond the imagination ofthofe who 
have not feen it; for the farther off the fcreen is re-^ 
moved, the larger will the objeft appear; infomuch^ 
that a loufe may be magnified to the length of five or 
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fix feet, or even a great deal more : but it is indeed 
more diftinft when not enlarged to above half that fize. 

The apparatus for this purpofe, as reprefcnted in the PIjucXV, 
plate annexed^ is as follows : 

A, a fquare wooden frame, through which two long p. ^^ 
fcrews pafs, and affifled by a couple of nuts (i. I.) fatten 
it firmly to a window-fhutter, wherein a hole is made 
for its reception; the two nuts being let into the 
Ihutter, and made faft thereto. 

A circular hole is made in the middle of this frame, 
to receive a piece of wood of a circular figure B, whofe 
edge that projefts a little beyond the frame, compofes 
a (hallow groove 2, wherein runs a cat-gut 3 ; which by 
twifting round, and then croiEng over a braf» pulley 4, 
(the handle whereof 5, paffes through the frame) af-- 
fords an cafy motion for turning round the circulai: 
piece of wood B^ with all the parts thereto affixed, 

C is a brafs tube covered with feal-ikin, which 
fcrewing into the middle of the circular piece of woodj 
becomes a cafe for tho uncovered brafs tube D, to be 
drawn backwards or forwards in. 

E, a fmaller tube of about one inch in length, fcrewed 
to the end of the larger tube D. 

F is another fhort brafs tube, made to flide over the 
above-defcribed tube £• To the end hereof the mir 
crofcope muft be fcrewed when we come to ufc it, 

Hha . s,A 
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5, A convex lens, whofe focus is about twelve inches; 
dcfigned to coUeft the fun's rays, and throw them 
more ftrongly upon the objeft. 

G, a looWng-glafs of an oblong figure, fet in a 
v^rooden frame, fattened by hinges to the circular piece 
of wood B, and turning about therewith, by means of 
. the above-mentioned cat-gut, 

H, a jointed wire, partly brafs and partly iron; the 
brafs part whereof, which is flat 6, being faftened to 
the looking-glafs, and the iron part, which is round 7, 
jfiiEng through the wooden frame, enable the obferver 
(by putting it backwards or forwards) to elevate or de- 
cline the glals according to the fun's altitude. 

I, A brafs ring at the end of the jointed wire, where- 
by to manage it with greater cafe. 

N, B. The extremities of the cat-gut are faftened to 
* a brafs pin ; by turning of which it may be braced up, * 
if at any time it becomes too flack. This pin lying 
behind, could not be fliown in the pifture. 

When this microfcope is employed, the room muft 
be rendered as dark as pofllble; for on the darknefs of 
the room and the brightriefs of the fun-fhine, depend 
the fharpnefs and perfeftion of your image. Then 
putting the looking-glafs G through the hole in your 
window-fliutter, faften the fquare frame A to the faid 
fhutter by its two fcrews and nuts, i. i. 

This 
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This done, adfjuft yourlooking-glafsto the elevation 

and fi uation of the fun, by means of the jointed wire 

H» together with the cat-gut pulley 3, 4 ; for the firft 

[of thefe railing or lowering the glafs, and the other rc- 

[ dining it to either iide, there refults a twofold motion, 

which may eafily be fo managed as to bring the glafs 

to a right pofition; that is, to mike it reflefl the fun's 

^ rays direftly through the lens 5^ upon the paper fcreen^ 

^ and form thereon a fpot of light exa£t]y round. 

Though obtaining a perfeft circular fpot of light 
upon the fere en before you apply the microfcope^ is 

a certain proof that your looking -glafs is adjufted 
right J yet that proof muft not always be expefted; for 
the fun IS folow in winter, that if it Ihines in a direft 
line againft the window^ it cannot then afford a fpot of 
light exadtly round. But if it be on either fide of you, 
a round fpot may be obtained^ even in December* 

As foon as this appears, fcrew the tube C into the 
brafs collar provided for it in the middle of your wood- 
work, taking care not to alter your looking-glafs ; then 
fcrewing the magnifier you chufc to employ to the end 
of your microfcope, in the ufual manner^ take away 
the lens at the other end thereof, and place a flidefj 
containing the objefl to be examined^ between the thin 
brafs plates, as in the other ways of ufing the microfcope. 

Things being thus prepared, fcrcw the body of your 
microfcope to the fhort brafs tube F, which flip over 
the fmall end E of the tube D, and pull out the faid 
tube D lefs or more as your objc£l is capable of endur- 
ing the fun's heat. Dead objcfts may be brought 
within about an inch of the focus of the convex lens 5; 

but 
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but the diftancc muft be (hortened for living creature! 
or they mil foon be* killed. 

If the light falls not exaftly right, you may eafilj 
by a gentle motion of the jointed wire and pulley, di 
TcQ. it through the axis of the microfcopic lens. 

The (hort tube F, ^^ich your microfcope is fcrewec 
to, enables you, by Aiding it backwards or forwards oi 
the other tube E, to bring your objeft to their tru< 
focal diftance; which will be known by the fharpnefi 
and clearnefs of their appearance ; they may alfb b< 
turned round by the fame means, without being in the 
kaft difordercd. 

The magnifiers moft ufeful^ in the folar microfcope 
are, in general, the fourth, fifth, or fixth. 

Mention having been often made of afcreen to throw 
the images of objcfts on, it is proper to inform the rea- 
der, that fuch a fcreen is ufually compofed of a fheet 
of the largeft elephant paper, {trained on a frame, which 
Aides up or down, or turns about at pleafure on a 
round wooden pillar, in the manner of fome fire-fcrecns. 
Larger fcreens are likewife made fometimes, with feve- 
ral fhects of the fame paper pafted. together on cloth, 
and let down from the ceiling with a roller, like.a large 
map. 

This microfcope is the moft entertaining of any ; and, 
perhaps, the moft capable of making difcoveries in ob- 
jefts that are not too opaque, as it (hews them much 
larger than can be done any other way. There are 
alfo fevcral conveniences attending it, which no othey 

roicrpf9ope 
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microfcopc can have ; for the wcakeft eyes may ufc it 
without the leaft ftraining or fatigue : numbers of peo- 
ple may view any objeS together, at the fame time ; 
and, by pointing to the particular parts tliereof, and dif- 
courfing on what lies before them, may be able better 
to underftand one another, and more likely to find out 
the truth, than when, in other microfcopes, they muft 
peep one aft^r another, and perhaps fee the objeft nei- 
ther in the fame light, nor the fame pofition. Such 
too as have no Ikill iii drawing, may, by this contri- 
vance, eafily' fketch out the exaft figure of any objed 
they have a mind to preferve a figure of ; fince they 
need only faften a paper upon the fcreen, and trace it 
out thereon, either with a pen or pencil, as it appears 
before them. 

It is worth their while, who are defirous to take 
many draughts in this way, to get a frame, wherein a 
flieet of paper may be put in or taken out at pleafure ; 
for if the paper be fingle, the irpage of an objeft vj^ill 
be feen a& plainly almoft on the back as on the other 
fide ; and by Handing behind the fcreen, the (hade of 
the hand will riot obftrudt the light in drawing, as it 
muft in fome degree when one ftands before it. 

I muft obferve that Dr. Liberkhun's folar micro- 
fcope had no looking-glafs belonging to it, and there- 
fore was of ufe a few hours only in a day, when the 
tube could be placed direftly againft the body of the 
fun, and even then not without a good deal of trouble ; 
but by this lucky contrivance of aldoking-glafs, the 
fun*8 rays may be rcfl^fted through the tube, whatever 
its height or fituation b^ provided it (hines^ at all 

upon 
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upon the window^ and that too with much cafe and 
advantage. 



0/ the Nature and Ufi of the Micrometer in viewing JtnaU 
Objeeis. 

MANY and cxpcnfive have been the contrivances 
for meafuring fmall objefts, in all their dimenfions, by 
that inftrumcnt called a Micrometer. I fhall refer -the 
reader to the feveral writers on optics for an account 
of them^ and Ihall here only propofe one other methodi 
which will come eafy, and be very ready in praftice ; 
the conftniflion 6f which is a fufficient explanation of 
its reafon and ufe. ' 

The new micrometer is nothing more than a ftage 
(on which the obje£ts are placed) moveable by^ fine 
fcrewy which has a hand or fmall index paifing over the 
divifions of a graduated circle. A fine threaded fcrcw 
is the effential part in all micrometers, of the beil or 
moft perfeS kind. This fcrew was formerly placed 
in the focus of the eye-glafs D E, juft where the image 
I M is formed : but I found this method of applying 
it gave fome trouble in underftanding and computing 
the dimenfions taken by it ; and therefore I have here 
applied to the ftage, or rather to the objeft itfelf ; which 
being attended with no difficulty, will, I prefume, render 
the ufe of it more general and pleafant. 

The upper part of the microfcopc which contains the 
glafs D £, hsis a fine wire in its focus, and to it any 
part of the image I M may be applied ; or the wire ap; 
plied to any part of the image^ by a proper conftruAicfn 

of 
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fc^ the upper part of the mitrofcbpe for thj;^ piirpofe. The 
bbjed being then placed iri a proper mannei* on the iiage^ 
the fcrew is to be turtied till the image of the objcft has 
paiTed its whole length or breadth iihder the wire, ahd then 
the quantity of its dimfcnfioil tfrill be ktibwiii - Thtls, fot 
fckample : 

The htirribcr bf threads bii the fcrew in 8ne inch is fiftyi 
ind the riumber of divifiori^ on the cii-cular plate is twenty^ 
Thel*cfore brie thready or oiie tx^tn of the fcrew, meafures 
one fiftieth pirt of an inch ; and otie divifion of the plate 
is one twentieth bf otie fiftieth, that is one thbufthdih part 
bf an i rich. So thdt flich a micrometei: v^Ill very exactly 
hieafurc any firiall objeft, or its fmaller patts to the thou* 
ikndth part bf id inch. 

Suppofc the fhbjcft were a mite, aria it werfe required 
to njeafure the length thereof ; then J place it in a Aider, 
and that flider on a ftage iri fuch a mariner^ that the mite 
Jnay nibve length-wife in the direction bf a ftfew ; then t 
move or fct the wire at right kngles thereto, and fo as to 
touch the image bf the tiiite at one end^ very ciaftly. 
This done, t turn tht wire till, the image has paiTcd it^ 
whole (erigth undef the wire } and having counted the 
turns, I find them fbur, and fourteen di^ifions of another; 
the four turns are 4-fiftieths or 8o-thoufandth§, and the 
fourteen divifions are 14 thdufatidths ; fo that the whole 
length of the mftc is 94-thoufandths part of an inch^ which 
is almbft i-tenth part of an inch; 

Again, fdr a fecohd example t fupp()fe ybu meafiire the 
length of the eggbf a mite, and find one turn of the 
ftrew^ arid three di^iiions* bri the plate^ carry it completely* 

No XVi. ~ 1 i under 
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under the wire ; then one revolution of the fcrew is i-fi^- 
ticth or 20-thoufandth, and three diviiions are 3-thoti- 
fandthy fo the whole length of the egg is equal to 2^ 
thoufandtli of an inch ; that is, almoft one forty^fourth 
part of an, inch ; or forty-four fuch eggs of a mite will, if 
laid contiguouily in a right line, be nearly equal to one 
inch in length. 

t may here add, that the micrometer may be eafily ap- 
plied to the folar microfcope ; f6r let a fine Araight line be 
drawn on the fcreen, and the end or fide of the image be 
placed to touch it, then by turning the fcrew, it wilt 
thereby be mealured in thoufandth patts of an inch. 

How great the pleafure ariung to tne curioiis liaturaJifts 
muft be in the ufe of the micrometer, meafuring th6 
fmalleft objefts, may be better conceived than expreffed, 
when by this means he acquires an idea of the wonderful 
difprppprtion there is between the magnitudes or dimenfi- 
ons of the fmalleft and largeft objefts of the fame fpecies ; 
as between the fmajleft of the finny fry and the largeft 
whale; ai^ 'animalcule in vinegar and a rattlefnakc thirty 
or forty feet long. And that the reader may have a cleat 
perception of fuch a furprifing contraft in the works of tit* 
ture, I fhall here give him a calculation of the comparativd 
magnitude of the egg of a mitc, and that of an oflrich. 

Spppofe the length of an oftrich*s egg to be five inched 
(fome arc larger) ; let tlie length of the egg of a mite be 
one fiftieth of an inch, and Tome are lefs than that ; thciX 
the lengths of thefc two eggs will be to each other as five to 
one fiftieth, or two hundred and fifty to one ; then as they 
are fimilar bodies, their magnitudes will be as the cubes of 

thefe 
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diefe numbers, viz, as 15625CXX) to one : that is in words, 
one egg of an oftrich is equal to fifteen million fix hun- 
dred and twenty-five thoufand eggs of a mite. And there is 
great reafon to believe, that there are eggs of other animal- 
cules in a ftill greater degree lefs than thofe of a mite. In- 
deed, the great€ft ftretch of the human mind is infinitely 
infufficient to explore the amazing and inconceiveable gra- 
dations pf miniature in every part of nature, even atthieir 
very commencement ; and nothing but the all-piercing eye 
pf boundlefs intelligence can ftp through ^ feries of fucl> 
infinitely decreafing progrqflions. 

^ Diagram nfthc Solar Aftctofcope, 

LET A B be a feftioii of the window ftiuttcr of a dark Plate xiv. 
room, C D of the frame containing a fcidptric ball E F . 
in the forepart whereof is fcrcwed the tube G I K H, at 
en,c end of which is a lens G H, which, by converging 
the fun-beams into a narrow compafs, does flrongly en- 
lighten the fmall objeft a b, placed oa a flip of glafs, or 
otherwife, in the part of the tube N Q^ where a flit id 
made on each fide for that purpofc. Within this tube there 
Aides another, L m r M, which contains a fmall mag-^ 
nifying lens m r? ^ , 

By moving the exterior tube I G H K one way, and 
the other, the glafs G H will be brought to receive the rays 
ef the fun direftly, and will therefore moft intenfcly illu* 
minate the objeA a b. The other tube L Mf being Aid back- 
wards and forwards, will adjuft the diftance of Ae fmall 
kns m r, ft) that the image of the objeS a b ihall be inide 
yery diftinfl, on the oppofitc fide of the room at P ; and 
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the magnitude of the image will be to that of the objcfik, a| 
the diftance from the lens m r is tp tfrp diftanc<p of the objc^ 
from it ; tls is evident from the figure. 



0/ TELESCOPES. 

BEFOB.E we enter upon the defcription of telefcopcs. 
it will be proper to fhew how the rays of light are affbac4 
by pafSng through cpncavp ghffes, and alfp by fallins^ 
Vpon conpye mirrours, 

yig. 3. ^yhen parallel rays, ^^abcdefgh, paft directly 

through a glafs A i^, which is equally concave on both fides, 
they will diverge after paifing through the glafe, as if 
they had come from a radiant point C, in the center of tliQ 
glafs's concavity j which point is called the ncgatiyp or vir* 
tual focus of the glafs, Tfhm the ray a, after paffing througl^ 
the glafs A B, will go on in the direction k \, as if it had 
proceeded from th^ point C, afid no glafs being in the w^j. 
Thcray b will'go on in the dirpftion m n ; the ray c in th<j 
direction o p, &c» The ray C, that falls dircftly upon tho 
middle of the glafs, fufFers no refrfction ifi paffing through 
it ; but goes on in the fame rectilineal di|te&ion, as if no 
g^afs had ))eej^ in its way. 

If the gltf§ |iad been coi^cayc; oply ot\ one f^de, and the 
other fide quite plane, the rays would have diverged, afj 
^r pafiihg throuj;h it, as if they h^ cpme frqxr^ a radian^ 
poiij^t atcTpuble tl^c d^ftaficc of C fron^ the glafs ; that is^ 
as iiF the radiant h^d been at the diftani?^ of ^ w^ole dia^ 
ppjcf of the glafc's concavity^ 
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If rays come more converging to fuch a glafe than pa- 
rallel rays diverge after paffing through it, they will conr 
tinue to converge after paffing,through it ; but will no% 
picet fo foon as if no glafs had been in the way ; and will 
incline toNyards the fame fide to which they would have 
diverged, if they had come parallel to the glafs. Thus the 
rays f and h going in a converging ftate towards the edge 
of the glafs at B,> and converging more in thpir way to i)t 
than the parallel rays diverge after paffing through it, they 
yvill go on coi^verging after they pafs through it^ thouglf 
in a leis degree than they did before, and will meet at I : 
f)\xt if no glafs had been i|i their way, they vjrould bay c mef 
at i. 

When the parallel rays, as d f a, C m b e I c, fall upon a ^'^P^ 
poncave mirrour A B ( which is not tranfparent, but has 
.only the furface A b B of a clear polifti) they will l?c re-. 
|le£ted back fron) that n)irrpur, and meet in a point m, at 
half the diftance of the furfape of the mirrour from C, thjs 
peqter of its concavity : for they will be reflefted at as 
great an angle from the perpendicular to the furfece of the 
mirrour as they fell upon it, with regard to that perpen- 
dicular; but on the other fide thereof. Thus, let C be the 
center of concavity of the mirrour A b B, and let the pa- 
rallel ray 18 d f a, C in b, an4 c 1 c, tall upon it at the points 
a I) and c. Draw the lines C i a, C m b, and Che 
frpm the center G to thefe points ; and all thcfe lines ' 
^ill bp perpendicular to the furface pf the mirrour, be- 
paufe they proceed thereto like fo many radii or fpokes 
from jts center. Make the ai^gle C A h equal to the angle 
fJ a C, and draw the line a m n, which will be the direc- 
tion pf the ray d f a, after it is reflcfted from the point of 
fhe ipirrour : fp that the angle of incidence d a C; is equal 

to 
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to the angle of rcflcftion C a h ; the rays making equal 
angles with the perpendicular C i a on its oppofite fides* 

Draw alfo the perpendicular C h c to the point c, where 
the ray c I c touches the nairrour ; and, having made the 
angle C c i, equal to the angle C c e, draw the line c m i, 
which will be the courfeof the ray e 1 c, after it is reflefted 
from the inirrour. 

The ray C m b paffes through the center of concavity 
of the mirrour, and falls upon it at b, the perpendicular to 
it ; and is therefore reflefted back from it in the fame line 
J>mC. 

All thcfe reflefted rays meet in the point m ; and in that 
point the image of the body which emits the parallel rays 
d a, C d, and e c will be formed : which point is diftant 
from the mirrour equal to lw.lf the radius b m C of its con- 
cavity. 

The rays which proceed from any celeftial pbjea, may 
be efteemed parallel at the earth ; and therefore, the images 
of thatobjeft will be formed at m, when the reflefting fur- 
face of the concave mirrour is turned direAly towards the 
object. Hence the focus of the parallel ray$ is not in th^ 
center of the mirrour's concavity, but half way be^weci^ 
the mirrour and that center. 

The ray? which proceed from any remote terreftrial 
objeS, are nearly parallel at the mirrour : not ftriftly fo 
but come diverging to it in feparate pepcil§, or, as it were, 
bundles of rays, from each point of the fide of the objefl 
^ext the mirrour; therefore they will PQtbp. converged tQ 
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t point at the diftance of half the radius of the mirrour's 
concavity from its reflefling furface ; but in feparate point* 
at a little greater diftance from the mirrour. And the 
nearer the objeft is to the mirrour, the farther thefe points 
will be from it ; and an inverted image of the objeft will 
be formed in them, which willfeem to hang pendant in the 
airt and will be feen by an eye placed beyond it (with 
regard to the mirrour) in all refpefts like the objeft^ and 
as diftinft as the objeft itfelf. 

Let A c B be the reflefting furface of a mirrour, whofc Fig. 5, 
center of concavity is at C ; and let the upright objeft D 
£ be placed beyond the center C, and fend out a conical 
pencil of diverging rays from its upper extremity D, to 
every point of the concave furface of the mirrour A c B. 
But to avoid confufion, we only draw three rays of that 
pencil ; as D A, D c, D B. 

iFrom the center of concavity C, draw the three right 
lines C A, C c, C B, touching the mirrour in the fame 
points where the aforefaid touch it, and all thefe lines will 
be perpendicular to the furface of the mirrour. Make the 
angle C A d equal to the angle D A C, and draw the 
right line A d for the courfe of the reflefted ray D A : make 
the angle C c d equal to the angle D c C, and draw the righ^ 
line c d for the courfe of the reflefted ray D d : make alfo 
the angle C B d equal to the angle D B C, a^d draw the 
'right light line B d for the courfe of the reflefted ray D B, 
All thefe reflefted rays will meet in point d, where they, 
will form the extremity d of the inverted image e d, fif 
©iiar to the extremity D of the upright objeft D £♦ 

If 
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If the pencils of nljs £ f^ £ g^ £ h j be alfo (Tdtitinned id 
the mirroar, and their angles of refieflion from it bfe made 
equal to their angles of incidence updh it, as in the fofmer 
pencil from D, they will all meet at the point c by reflec- 
tion, and form the extremity e of tUe iniage e d^ lin^ilar td 
the extremity £ df the ohjeA D £« 

As each intermediate point of the dbjeft between El 
and £, fends out a pencil of rays in like manner to every 
part of the mirrour, the raysof eafch pencil will be reflect- 
ed back from it, and meet in all the intermediate points . 
between die extremities e and d of the image j and fo the 
whole image will be formed not at i, half the difl:ancc of 
the mirrour from its center of concavity C, but at a greaJ 
ter diflance between i and the obje£l D £; arid the iinagd 
will be inverted with refpeft to the objefti 

This being well underftood, the deader will eafily fee 
how the image is formed by the large concave mirrour of 
the reflefting tejefcope^ when he comes to the defcriptioij 
of that inftrumcnt* 

When the objeft is more remote from the mifrout tfcaxf 
its center of concavity Q the image Will be Icfs thaa the 
objeft, and between the objeft and the mirrour ; when 
the objeft is nearer than the center of concavity^ the image 
will be more remote and bigger than the objfeft: : thusr,' 
If D E be the objeft^ e d will be its image ; for asr 
the objeft recedes from the mirrour, the image approaches' 
nearer to it ) and as the objeft approaches nearer to the 
mirrour, the image recedes farther from it ; on account of* 
the leffer or greater divergency of the pcntils of rays whicH 
proceed from the objeft ; for the lefs they diverge, the 

fooner 
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(boner they are converged to points by rcfleftion ; and the 
more they diverge, the farther they muft be reflected be* 
fore they meet. 

If the radius of the mirrour's concavity and the diftance 
of the obje£^ from it be known, the diftance of the image 
from the mirrour is found by this rule: Divide the produ£): 
of the diftance and radius by double the diftance made jlefs 
by the radius, and the quotient is the diftance required. 

If the objeft be in the center of the mirrour's concavi- 
ty, the image and objedl will be coincident, and equal in 
bulk. 

If a man places himfelf dire£tty before a large concave 
mirrour, but farther from it than its center of concavity, 
he will fee an inverted image of himfelf in the air, between 
him and the mirrour, of a lefs fize than himfelf. And if he 
holds out his hand towards the mirrour, the hand of the 
image will come out towards his hand, and coincide with 
it, of an equal bulk, when his hand is in the center of coiv* 
cavity; and he will imagine he may fhake hands with his 
image. If he reaches his hand farther, the hand of the 
image will pafs by his hand, and come between his hand 
and his body : and if he moves his hand towards either 
iide, the hand of the image will move towards the other : 
fo that whatever way the objeft moves, the image will 
move the contrary way. 

All the while a bye-ftander will fee nothing of the 
image, becaufe none of the reile£ted rays that form it en«^ 
ter his eyes. 

No.XVL Kk If 
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]f a fire be made in a large room, ind a fmootli mafio* 
gany table be placed at a good diftance near the wall, l» 
fore a large concave mirrour, fo placed that the light W 
the fire may be rcfle£ted from the mirrour to its fbcns t^ 
the table ; if a perfon ftands by the table, he will fee no* 
thing upon it but a longifh beam ©flight: bfut if he ftani 
at a diftance towards the fire, notdireftly between thefirt 
and mirrour, he will fee an image of the fire rrpofttk 
table, large and ereft. And if another perlbn, who knowi 
nothing of this matter before hand, fhould chance taconK 
into the room, and iliould look from the fire towards tb 
table, he would be ftartlcd at the appearance ; for the » 
ble would fcem to be on fire, and by being near the wain- 
fcot, to endanger the whole houfe. In this experiment 
there fhould be no Hght in the room but what proceei 
from the fire ; and the mirrour ought to be at leafk fifcert 
inches in diameter. 

If the firft be darkened by a (creen, and a large canfle 
be placed at the back of the fcrecn ; a perfon (landing by 
the candle will fee the appearance of a fine large ftar, of 
rather planet, upon the table, as bright as Venus or Ja* 
piter. And if a fmall wax taper (whofe flame is much 
lefs than the flame of a candle) be placed near the candle^ 
a fatellitc to the planet will :ippear on the table : andi/ 
the taper be moved round the candle, the fatellitc will g» 
round the planet, 

The RefraBing Tekfcope. 

IN a refrafting telefcope, the glafs which is neareft the 
objed in viewing it, is called the objed glafs ; and that 

which 
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jwrhich U n^areft the eye is called the eye-glafs. The ob- 
jeft-glafs maft be convex, but the eye-glafs may be either 
coavex or concave : and generally, in looking through a 
jtelefcc^e, the eye is in the £bcu« of the eye-glafs, though 
that is not v-ery material : for the diftancc of the eye, as 
Itodiftiad: viiioii, is indifferent, provided the rays of thp 
^ncils fall upon it parallel : only, tiie nearer the eyp 
' is to tbe end of the telefcope^ the larger the icope or area 
jof the field of view. 

. Let c d be a convex glafs fixed in a long tube, and have p^tc XVI. 
its focu^ at E. Then a pencil of rays g h i, flowing from ^*s- ^^ 
the upper extremity A of the remote objeft A B, will be 
fo refradled. by paffing through the glafs, as to converge 
and meet in point f ; whilft the pencil of rays k 1 m flow- 
ing from the lower extremity B, of the fame objcft A B, 
^nd paffing through the glafs, will converge and meet in ^ 
the point e : and the images of the point A and B, will 
be formed in the points f and e. And as all the interme- 
diate points of the objeft between A and B fend out 
pencils of rays in the fame manner, a fufiicient number of 
thefe pencils will pafs through the obje<St-glafs c d, and 
converge to. as many intermediate points between e and f ; 
gnd fo will form the whole inverted image e E f, of the 
fliftina objea. But becaufe this image is fmall, a con- 
cave glafs n Q is fo placed in the end of the tube next the 
eye, that its virtual focus may be at F. And as the rays 
of the pencils pafs converging through the concave glafs, 
but converge lefs after paffing through it than before they 
go on further, as to b and a, before they meet ; and the 
pencils themfelves being made to diverge by paffing 
through the concave glafs, they enter the eye, and form the 

K k a ^ large 
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large pifture a b upon the retina, whereon it is^ magnified 
under the angle b F a* 

But this telefcope has one inconveniency which renders 
it unfit for moft purpofes; which is, that the pencils of rays 
being made to diverge by paffing through the concave glafi 
no, very few of them can enter the pupil of the eye; 
and therefore the field of view is but very fmall, as is evi- 
dent by the figure. For none of the pencils which flow ei- 
ther from the top or bottom of the obje£^ A B can enter 
the pupil of the eye at C, but are all flopt by falling upon 
the .iris above and below the pupil: and therefore only the 
middle part of the objeft can be feen when the telefcope 
lies direftly towards it, by mesUis of thofe rays which pro- 
ceed from the middle of the obje£^. So that to fee the 
whole of it, the telefcope muft be moved upwards and 
downwards, unlefs the objeft be very remote ; and thea 
it is never fccn diftin&ly. 

^-^ ^ This inconvenience is remedied by fubflltuting a con* 

vex eyc-glafs, as g h, in place of the concave one ; and 
fixing it fo in the tube that its focus may be coincident 
with the focus of the objcft glafs c d ; as at £•• For then 
the rays of the pencils flowing from the objeft A B, and 
paffing through the objeft glafs c d, will meet in its focus, 
and form the inverted image m E p ; and as the image is 
formed in the focus of the eye-glafs gh, the rays of each 
pencil will be parallel, after paffing through that gla/s ; 
but the pencils themfelves will crofs in its focus, on the 
other fide, as at e ; and the pupil of the eye being in this 
focus, the image will be viewed through the glafs, under 
the angle g e h ; and being at E, it will appear magnified, 
fo as to fill the whole fpace C m e p D. 

But, 
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But, as this telefcope inverts the image with refpeft to 
the objeft, it gives an unpleafant view of terreftrial objefts; 
and is only fit for viewing the heavenly bodies, in which 
we regard not their pofition, becaufc their being inverted 
does not appear, on account of their being round. But 
whatever way the objeft feems to move, this telefcope 
tnuft be moved the contrary way, in order to keep fight 
of it ; for,, fince the objeft is invih^ed^ its motion will 
be fo too. 

The magnifying power of this telefcope is, as the focaL 
^iftance of the objeft-glafs to the focal diftance of the cyc- 
glafs. Therefore, if the former be divided by the latter, 
the quotient will exprefs the magnifying power. 

When we fpcak of magnifying by a telefcope or micro- 
fcope, it is only meant with regard to the diameter, not to 
the area or (blidity of the objefV. But as the inftrumeni; 
magnifies the vertical diameter at much as it does the 
horizontal, it is cafy to find how much the whole vifible 
area or furface is magnified : for, if the diameters be mul- 
tiplied into one another, the product will exprefs the mag- 
nification of the whole vifible area^ Thus, fuppofc the 
focal diftance of the objeft-glafs be ten times as great as 
the focal diftance of the eye-glafs; then, the objeft will 
be magnified ten times, botl} in length and breadth : and 
ten multiplied by ten produces one hundred ; which fhewa 
that the area of the objeft will appear one hundred times 
as big wheo feen through fuch a telefcope, as it does to the 
bare eye. 

Hence It appears, that if the focal diftance of the eyc- 
glafs were equal to the focal diftance of the objeft- 
glafs, 
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£lafs, the magnifying power of the telcfcopc would be 
nothing. 

This telefcopc may be made to magnify in any givea 
degree, provided it be of a fufBcient length. For the grca^ 
ter- the focal diftancc of the objeA-glaft, the lefs may- 
be the focal diftance of the eye-glafs, though not dircdly 
in proportion. Thus, ao pbieft-gUfe of Un feet focal 
diftance, will admit of an cyc-glafs whofe focaj diftance 
is little more than two inches and a half ; which will mag* 
nify near forty -«ight times ; but «n objeft-glafs of one 
hundred feet focus, will require an eye-^lafs fomewhat 
more than fix inches ; and will therefore magnify al- 
moft two hundred ti^^es^ 

Pig. J. A tclcfcope for viewing terreftrial objefis, fliould be fo 

;Conftru£ted as to Ihew them in their natural pofture. 
And this is done by one objeft-glafs c d, and three cye- 
4g;lafles e f , g h, i k^ fo placed, that the diftance between 
any two, which are neareft to each other, may be equal to 
the fum of their focal 4ift4nccs ; as in the figure where 
.the focus of the glafles c d and e f meet at F, thofe of the 
glaiTes e f and g h, meet at 1, and of g h and i k, at m ; 
the eye being at n, in or near the focus of the-cye-glafs i k, 
on the other fide Then it is plain tiiat thefe pencils of 
rays which flow from the objeft A B, and paf$ through the 
objcdl-glafs c d, will meet and form an inverted image 
C F D in the focus of that glafs ; and the image being alfb 
in the focus of the glafs e f, the rays of the pencils will be^ 
come parallel, after paffing through that glafs, and croft 
at I, in the focus of the glafs e f ; from whence they pafs 
on to the next glafs g h, and by going through it they are 
converged to the poinds in its .other focus, where they 

form 
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form an creft image E m F, of the objeft A B ; and as 
this image isalfoiii the focus of the eye-glafs i k, and the 
eye on the oppofite fide of the fame glafs ; the image is 
viewed through the eye-glafs in this telefcope, in the fame 
manner as through the eye-glafs in the former one; only 
in a contrary poiition; that is^ i,n the fame pofitlon with 
the objeA. 

The three .glaffes next the eye have all their focal 
diftances equal ; and the magnifying power of this telc-» 
fcope is found tht fame way as that of the laft above ; viz. 
by dividing the focal diftance of the objeft-glafs c d by 
the focal diftance of the eye-glafs i k, or g h, or e f, fincc 
all thefc three are equal. 

When the rays of light are feparatcd by refra£lion, they Why the 
become coloured, and if they be united again, they will !gi[„ ^ 
be a perfect white. But thofe rays which pafs through a *°JJ'^^^f 
convex glafs, near its edges, are more unequally refradled through a 
than thofe nearer the middle of the glafs. And when '**^"^ 
the rays of any pencil are unequally refrafted by the glafs, 
they do not all meet again in one and the fame point, but 
in feparate points; which makes the objeft indiftinft, and 
coloured about the edges. The remedy is, to have a plate 
with a fmall round hole in its middle, fixed in the tube at 
m, parallel to the glaffes. For the wandering rays about 
the middle of the glaffes will be ftopt by the plate from 
coming to the eye ; and none admitted but thofe whicH 
come through the middle of the glafs, or at leaft at a good 
diftance from its edges, and pafs through a hole in the 
middle of. the plate. But this circumfcribes the image, 
and leffens the field of view, which fhould be much larger 
if the plate could be difpenfed with. 

Tbi 
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Tbe Blnoculary or DouhU Tekfeope. 

BESIDES the tclefcopes defcribcd before, there is alfb 
one called a binocular, or double telcfcope. This is no 
more than two equal telefcopes fet in a frame, parallel to 
one another ; and thefe may be fet at a proper diftance from 
one another, by the help of fcrews ; and that diftance is to 
be the fame as the diftance of the two pupils of the eyes» 
When that is adjufted, a perfon is to look through them 
both at once ; through one with each eye, to any objeft ; 
which will then be feen by both eyes, and appear far 
brighter then through a fingle telefcope. 

All telefcopes in general reprefent all terreftrial obje6ls 
to be neater hand, but not larger ; and this neamcfs, vici-. 
nity, or feeming approach of the objef)^, is as the magni-* 
fying power of the telefcope. Thus looking at a man one 
hundred yards off, with a telefcope that magnifie^bne hun- 
dred limes ; the man will appear to be no bigger, but will 
feem only to be a yard off; and the like of other objeds 
fituatcd on the earth. 

The magnifying power of a telefcope will be found if 
you make two equal circles of paper of an inch diameter 
or more, and fix one of them upon a wall one hundred or 
two hundred yards diftant ; and the other at a fmall dif- 
tance, in a line with thcfirft. Then look at the further 
circle through the telefcope with one eye, and at the near 
circle with the other eye naked. Move the near circle (or 
clfe the telefcope) back and forward, till the two circles 
appear equal, or coincide. Then meafurc the two dis- 
tances 



\ 



tanodSi .ftom the ^ye-gl^s^ofi.^^^. te^fc^ tp the tw» 
circles ; tben.diy^ the greater 4jift^ hj the leffler, 
and you have the magnifying power of tlie telefcope. 



To try the ' Goodnejs. c^m 0^^ Glafs. 

THERE is no Itetter way'fi?r tryin|g the goodnefs of 
an objed: glafs than putting |t>in.a ttfbe, and trying it 
with feveral fmall ^ve-glaiSes^ hj looking at feveral dif* 
tant objed^^ and paiiiciJaiHl^ St thi^^ of a book ; 

for that glafs which reprefents obje£i)s the moft bright 
and diltind^ and beard the ^neateft aperture, and the 
fhorteft eye-glafs^ lirithQut^cotouFang or dimneis^ is the 
beft glafs. 

If feveral telefcop^s ()f thefiuneilength be compar^ 
together^ thofe ai^ the beft with w^ch you can read 
the fame print at the greateft dU^c^. And this may 
be a rule for thofe -that b<3iy t e lefoop eb^ by which they 
may know bow to choofe th^ beft. 

There are four principal llHn|^ ina telefcope to be 
confidered: 1. Magnifying power.. 2. Diitindnefs. 
3. Brightnefs, 4. The vif fade. iMsj^lej or linear view it 
takes in. 
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* THE:?]gre«:irt€bnvenienfc(eattendingtbeTiian^ 
of long telefcOpes'of^thennefradfing kmd^ ^hiasibifetig^ 
them too miich into ^fdfe eve?:finEe thcTeflecfthigrtgitfj. 
fcope wafe inventsed? for one bf.tbis 'forty fix ,fect in 
hn'gth^msLgaifi(t8 astnuchafe one of thef other, at an hun- 
dred. ■ J ft^^wAS' invented' by; Sir Ifaac Netrtim^. Bi^t has 
redeived^oniideray^iriiproveijnents fince his tiinef and 
is now gewerally-cortttruKte^ inrthefoUowingiiiajmBr, 
which was firfrpwpifed by Dr^ Gregory. ■ ■■ ' ■ .-^ ..x;; • 

-^ At the'bottctfn'^strf thc'gi^at tube Tfn?^^ is' placed Fig. 4. 
•the large concave mirror DUVF; ^^ofeprinpipftl fpcns 
is at M'; atufiii Ufs-nAddlciid ^roiind holeP^ of^ofitrto 
which ifs placed the imall miicror L^^concave/toward'tht) 
great one; andTb fixfed )tb"^dftrdlfg'i»!Ji^ey M^ th^it^nay 
b«^ mbved'fanHer frOto'thef^gfeatrmirrbr, or pfjearer tait, 
by mearlff of '^ long fc^ew on 4he outfide of the tube^ 
keeping its -axis ffillfirt the fkiie liae Pmn mth>t6atof 
the great'one: : Now, «fince in viQ^ilifig ^ very tteiote ob- 
jefty we? canvfcag^oe fee-a-'poiht of it^ biit What is^ itt ileaft 
asibroad Wlhe^greai: mir^f,' we lijayicoiiflder. lh©Tajo 
of each pcinoil, 'Which flbwftdm every poiwtiofithe'ob- 
jeft, to be p^*aHel to each other, and tocover^the w1v)Ie 
reflefting furfaoeDUVF. Btityto avoid oottfeifion in 
the figure, wefhaH' only draw two ray^ of:^ pGncihflow- 
ing from each extremity pf -therobj^ft ihto^tbei great 
tube, and trace their prog^efs, through all'thcir reflect 
tions and refr^ilions, «d'lhfe'eyi$ % at ^the end of the 
fmall tiibe 1 1, which is joiii^d to the 'great one. 
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Let ns then fuppofe the objeft A B to be at fucb a 
difiance^ that the ray* C y flow froin\ its lower ex- 
tremity B, and the rays E from its upper extremity A. 
Tlien t^ lays Cfidiing {MfaUd upon tl9^ gr^ 
D> wiU be tiienoc ifefledied^ conreif^ng in the dire£):ion 
J>i&;: and by crofling at I in the principal focus of the 
mirror, daey will ftaah the upper extremity I of the in« 
verted image I £» fimilav to the lower extremity Bof 
the objeA A B:. and paffing on the oohcave mirriME L 
(whofe focus is at n) they will £aJl upon it at g, aad.b^ 
thence xefleaedconverg^ng, in the diredioA g N, be- 
caufe g m is longer than gnj and paffing through tJb? 
hole P in the large mirror, they would meet fomewhere 
about r,. and form the lower extremMy d of the eteft 
image a d^ fimilltr to the lower extremity B of the 9b- 
jed A B. But by paffing through the 'pkno-convcx- 
glufs. R in their way,, they .form thatextaemity of An 
imiBgt at b. In like manner the rays 1^^ which coim 
from the top. of the'ot^ed AB^ ^d fallpar^l^l upoa 
the great mirrOr €l% F> :are tbi&nce refle6te(| converging 
to its focus^ where they foitm. the lower extremity Kof 
the in\erted image I K^ iiimlair tjo the upper extremity 
A of the objet^ AB ; aodthcnce paffing on to tjie fmal} 
mirror L^ and falKnguppni^ at h,. they are th:ence re- 
fleAed in the converging flate h Q ; and going on thny 
th^bole P^of thegr^jtmifror, they would meet fome- 
where about q, and form thetQ the: upper extremity a of 
the ered image -a d, fimiliyr- to the upper extremity A of 
tVe object AB : but by p&fllngthrough the convex^gkik 
R in their way, they ipi^t^iid. crois fooner, as at a, 
where that point of the erect iniage is fon^^. The like 
being underflood of all thofe rays which flow from the 
intermediate points of the object, between A and B, and 
enter the tube T T; all the intermediate points of tlie 
image between a and b will be formed; a id the rays 

paffing 
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{ttffingon fipoixL the image tbron^ the eye-glafs S, and 
throughafmallholeein the endof theleiTer tube tt^ 
they enter the eye ^ which fees the image a d (by 
means of theeye-^a&) under the large angle ced^ 
and magnified in length, under that angle firom c.ta d* 

In the beft reflefting telefcopes, the focus of the 
fmall mirror is never coincident with the focus m of 
the great one, where the firft image I K is formed but 
a little beyond it (with refpeft to the eye) as at n : 
the confequence of which is, that the rays of the pen- 
cils will not be parallel after refie^lion from the fmall 
mirror, but conrerge fo as to meet in points about q, 
e, r ; where they will form a larger upright image 
than ad, if the glafs R was not in their way: 
and this imagje might be viewed by means of a fingle 
eye-glafs properly placed between the image and the 
eye ; but then the ifield of view would be lefs, and confe- 
quently not (b pleafant ; for which reafon the glafs R is, 
(till retained^ to enlarge the fcope or area of the field. 

To find the magnifying power of this telefeope^ 
multiply the focal dillance of the great mirror by the 
difianct) of the fmaH mirror from the image next the 
eye ^ and multiply the focal diftance of the fmall mir- 
ror by the fbc^d diftance of the eye-gkfe ; then divide 
the produd of the former multiplication by the pro- 
duA of the latter, and the quotient will exprefs Ae 
magnifying power. 

I fliall here fet down the dinienfions of one of Mr. 
Short's refleiling telefcopes, as defcribed in. Dr. 
Smith's optica 

The focal difi^nce of the great mirror g. 6 inches, its 
breadth 2.3; thcfobal diftance of the fmall mirrdr 1.5; 

' it«- 
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its breadth 0.6 : the breadth of the.b'ok in the great 
mirror 0.6 ; the diftance. between the fihall imrtor and 
the next eye-glafe 14*3 ; the diftahce between the two 
eye-glaffes 2.4; the focal diftatnce xif. the ^ye^gbis 
next the metal 3.8 ; and the focal diftanee ofrthe eye- 
glafs next the eye 1.1. 

> One great advantage of the refle'Aing telefcope ig, 
that it will admit of an eye^^lafs of a miich fhprter fe- 
cal diftanee than a refrafting telefcope will ; and confe- 
quently it will magiii^'fo much the more ; for the raji 
are not coloured by refleftibn from a concave mirrpr, 
if it be ground to a true figure, as-they are by pafting 
tlirough a convex-glafs, let it be ground ever fd triic;: 

The adjufting fcrewori the dutfide of the grea^t tubt 
fits this telefcope to all forts, of eyes,' by bringing the 
fmall mirror either nearer to tlie ' eye, '|or' removing it 
farther ; by which means the rays ^remade to divergfe 
a little for fliort-fighted eyes, or to converge for thbfe 
ofaloiig fight. .^ : ;.. :.f -'. . ■ */; 

The nearer an ojyeft. is to the.tefcfcope, the more its 
pencils of rays will diverge, befo^^ tbeyrfaJi Upoix the 
great mirror, and therefore they will be the longer off 
meeting in points after refle(9>lpn ;.,fo that the, firft 
image I K will be formed at ,a greater diftanee' from the 
large mirror, when the objeft is near the telefcope, than 
when very remote. But as this image muft be formed 
farther from its fmall mirror than its principal focus n, 
this mirror muft be always ftt ata greater diftanee from* 
the large one in viewing near obje6i:s, than in vievving 
remote ones : andtlus.isdpneby'.tui;ning the fer^^^on 
the outfide.oif the tube^ until th^ fmall piirror.be.foad- 
jyfted, that the obje£l (or rather its image) appears per- 

ia. In 
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In looking through any telefcope towards an objeft, 
we never fee the objeft itfelf, but only that image of 
it which-.i&fonned nert.the^ye.in llie telefcope: fotf 
if a-man holds'hib ilTngef or a ftick between his bare 
eye and an.olgeifty it will hideparty if.not tjie*, whole 
of the objeft from his view. But if he ties a ftick 
acrofs the mouth uof a telefcope, before the objeft- 
glafs, it will hide no part, of the imaginary objeft he 
faw through the telefcope before*, "unlefs it covers the 
whole mouth'tjf the tube : for all the effeft will be to 
make the objeft aippear dimmer, becaufe it intercepts 
part of the ri^^s. Whereas/ if he puts only a piece of 
wire acrofs tlii^^infide of the tube, between the eye- 
glafs and his, -eye, it will hide part of the.objeft which 
he thinks hQ'fees : which proves that he fees not the 
real objeft, but itp.image. .This is alfo confirmed by 
means of the fmatt^mirror L, in the reflefting tele- 
fcope, which }s m*a,<Je of opake irietal, and (lands di- 
reftly between* the. eye and the obj^ft towards which 
the telefcope is turned; and will hide the whole ob- 
jed from the eye it.e, if tW two glafles R and S are 
taken out of the ttibe. 
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AS telefc'opes of Sir Ifaac Newton's conftruftion aro 
jiow. found (particularly by the late exquifite obfer- 
vations of Mr. Herfchell) to perform moft excellently 
in the minuti£;e of aftronomy, efpecially if fmall aper- 
tures and long foci are made ufe of, I have added the 
foregoing table, chiefly taken from Dr. Smith's Optics, 
and have continued it from 17 to 24 feet focal diftance 
of the great mirror : I have alfo annexed to it Sir Ifaaq 
Newton's numbers, by means of which the apertures 
of refl.e6ling telefcopes of any conftruftion may be ea- 
fily computed. See Appendix to Gregory's Optica. 

It may be neceflary to mention that the preceding 
table was conftrufted by ufing the dimenfions of the 
middle aperture and power of Mr. Hadley's excellent 
AW/owifl;j telefcope as a ftandard ; viz. the focal dif- 
tance of great mirror 62 \ inches \ aperture of concave 
metal 5 inches, and power 208 times. Mr. Herfchell, 
chiefly makes ufe of a Newtonian refleftor, the focal 
diftance of whofe great mirror is 7 feet, its aperture 
6.25 inches, and powers 227 and 460 times ; though 
fometimes he ufes a power of 6450 for the fixed ftars ; 
but be is now conftruAing a telefcope which will in- 
finitely exceed the former. 

If the me^ls of a 'Newtonian telefcope afe worked as 
<^xquifitely as thofe in Mr. Herfchell's 7 feet refleftor, 
the higheft power that fuch a telefcope fhould bear with 
perfect diftinftnefs will be given by multiplying the di- 
ameter of the great fpeculum by 74 ; and the fopal dif- 
tance of the Angle eye-glafs may be found by dividing 
the foccd diftance of the great mirror by the magnify- 
ing power ; thus 6.25 multiplied by 74 is 462j, thfc mag- 
No. XVII. M ni nifying 
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nifying power ; and 7 multiplied by 12 and divided bj 
462 is 0.182 of an inch, the focal diftance of the fingl( 
cye-glafs required.-- .^To this I (hall add 
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The Multipl/zng Glafs, 

THE multiplying glafs is made by grinding down ^^^^ ^VII 
the round fide h i k of a convex glafs A B into feveral 
flat furfaces, as h b, bid, d k. An objeft C will not ap- 
pear magnified, when feen through this glafs, by the eye 
at H ; but it will appear multiplied into as many dif- 
ferent objefts as the glafs contains plane furfaces. For, 
fince rays will flow from the objeft C to all parts of the 
glafs, and each plane furface will refrafl: thefe rays to 
the eye, the fame objeft will appear to the eye, in the 
direftion of the rays which enter it through each fur- 
face. Thus a ray gi H, falling perpendicularly on tlie 
middle furface will go through the glafs to the eye, 
without fufFering any refraction ; and will therefore 
lliew 'the objcA in its true place at C : whilfl: a ray ab 
flowing from the fame objeft, and falling obliquely on 
the plain furface b h, will be^efrafted in the direction 
be, by paflSng through the glafs ; and upon leaving it, 
will go on to the eye in the direction of e H ; which 
will caufe the f^me object C to appear alfo at E, in the 
direction of the ray H e, produced in the right line 
Hen. And the ray cd, flowing from the object C, 
and falling obliquely on the plane furface dk, will 
be refracted (by paffing through the glafs and leaving 
it at f ) to the eye at H ; which will caufe the fame 
object to appear at D, in the direction H f m. If the 
glafs be turned round the line glH, as an axis, the 
object C will keep its place, becaufe the furface b 1 d 
IS not removed ; but all the other objects will feem to 
go round C, becaufe the oblique planes, on which the 
ray3 abed fall, will go round by the turning of thp 
glafs. 

Mm 3 Ths 
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The Camera Ohfcura. 

Fig. 2. THE camera obfcura is made by a convex glafs C D^ 

placed in a hole of a window-fliutter. Then, if the 
room be darkened fo as no light can enter but what 
comes tlirough the glafs, the pictures of all the objects 
(as fields, trees, buildings, men, cattle, &c.) on the 
outfide, will be fhew n in an inverted order, on a white 
paper, placed at G II in the focus of the glafs ; and 
will afford a moft beautiful and perfect piece of per- 
fpcctive or landfcape of whatever is before the glafs ; 
efpecially if the fun fliines upon the objects. 

If the convex glafs C D be placed in a tube in the 
fide of a fquare box, within which is the plane mirroT 
E F, reclining backwards in an angle of forty-five de- 
grees from the perpendicular k q, the pencils of rays 
flowing from the outward objects, and pafling through 
the convex glafs to the plane mirror, will be reflected 
upwards from it, and meet in points, as I and K (at 
the fame diftance that they would have met at H and 
G, if the mirror had not been in the w\ay) and will 
form the aforefaid images on an oiled paper ftretched 
horizontally in the direction I K ; on which paper the 
outlines of the images may be eafily drawn with a black 
lead pencil ; and then copied on a clean flieet and co- 
loured by art, as the objects themfelves are by nature. 
ly\ tins machine it is ufual to place a plain glafs, unpo- 
lifhed, in the horizontal fituation I K, which glafs re- 
ceives the Images of the outward objects ; and their 
outline may be traced iipoh it by a black lead pencil. 

The 
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The tube in which the convex glafs CD is fixed, 
muft be made to draw out, or pufli in, fo as to adjuft 
the diftance of that glafs from the plain mirror, in pro- 
portion to the diftance of the outward objects ; which 
the operator does, until he fees their images diftinctly 
painted on the horizontal glafs at I K. 

The forming a horizontal image, as I K, of an up- 
right object AB, depends upon the angles of incidence 
of the rays upon theplane mirror E. F, being equal to 
their an^es of reflection from it. For, if a perpen- 
dicular be fuppofed to be drawn to the furface of the 
plain mirror at e, where the ray A a C e falls upon it, 
that ray will be reflected upwards in an equal angle with 
the other fide of the perpendicular, in the line e d 1. 
Again, if a perpendicular be drawn to the mirror from 
the point f, where the ray A b f falls upon it, that ray 
will be reflected in an equal angle from the other fide 
of the perpendicular, in the line f h 1. And if a per- 
pendicular be drawn, from the point g, where the ray 
A c g falls upon the mirror, that ray will be reflected 
in an equal angle from the other fide of the perpendicu- 
lar, in the line g i 1. So that all the rays of the pencil 
a b c, flowing from the upper extremity of the object 
A B, and pafling through the convex-glafs C D, to the 
plain mirror EF, will be reflected from the mirror, and 
meet at I, where they will form the extremity I of the 
image I K, fimilar to the extremity A of the object 
A B. The like is to be underilood of the pencil q r s, 
flowing from the lower extremity of the object A B 
and meeting at K (after reflection from the plain mir- 
ror) the rays from the extreixiity K of the image, fimi- 
lar to the extremity B of the object; and fo of all the 
pencils that flow from the intermediate points of the 

object 
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object to the mirror through the convex-glafs. This 
may be further improved by placing a convex lens of 
fix inches focal diflance, and four inches diameter, or 
more if it be required longer, between the mirror and 
the ground glafa ; and though this will reduce the pic- 
ture, yet it will be more illuminated, and afford a 
pleaftmter view. 

The Solar Telefcope 

IS a curious inftrument, and is applied to ufe in the 
following manner. A fcioptric ball and focket being 
fattened againft a hole in the window-fhutter in a dark- 
ened chamber, place the end of a common refracting 
telefcope with its object-glafsand eye-glafs into the cy- 
lindrical hole of the fcioptric ball, and draw out the 
tube to its proper length ; this being done the telefcope 
and ball are moved about till it receives the fun -beams 
perpendicular on the object-glafs through the cylindri- 
cal hole of the ball ; the tube with the eye-glafs is then 
to be adjufted by moving it either in or out, till the 
image of the fun, formed on a white plane or fcreen, 
is very diftinct, large, and luminous. 

In this manner the fun's face is viewed without of- 
fence to the eyes, and whatever changes happen therein 
maybe mofl: accurately obferved ; the fpots, ^vhich 
are feldom feen, even when viewQjd through fmall tele- 
fcopes in the common way, are here confpicuous, and 
eafy to be obferved with all the different circuniftances . 
of the fpots beginning to appear i their increafe, divi- 
fion of one into many, or the uniting of many inta 
one, their magnitude and decrqafe, their vaiiiihing", 
and their difappeara^ce behind the fun. 

An 
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An eclipfe of the fun may, by the folar telefcope, be 
viewed to the greateft advantage, we having it in our 
power to reprefent the face of the fun as large as we 
pleafe, confequently the eclipfe proportionally confpi- 
cuous ; alfo the circle pf the fun's di(k may be fo di- 
vided by lines and circles drawn thereon, that the quan- 
tity of the eclipfe intimated in digits may this way be 
exactly determined ; alfo the exact time of the begin- 
ning, middle, and end thereof, for determining the 
longitude of the place, are feen to the greateft advan- 
tage. The tranfits of Me'rcury and Venus over the face 
of the fun, are exhibited moft delightfully by this in- 
ftrument : they will here appear truly round, well de- 
fined, and very black : their comparative diameters to 
that of the fun may this w;ay be obferved, the direc- 
tion of their motion, and the times of ingrefs and 
egreft are here .viewed to the greateft perfection. 

, The Heliojlata to take off. the inconveniences which 
arife from the motion of the earth,- in making experi- 
jnents on the folar light, was an excellent invention 
of Dr. Grave/and : it confifts of two principal parts, 
each of which confifts of many fmaller parts. The firft 
is a plain metallic fpeculum, fupported by a ftand f 
the other is a clock which directs the fpeculum ac- 
cording to the earth's motion^ keeping the fun in the 
fame point of view. 

The Acroviatic Tele/cope, 

THIS confifts of a double or treble object-glafs j 
the double object glafs confifts of a double pcncave of 
white flint, and a double convex of crovv^n glafs. The 
parts of the lenfes^ which are of tlie fame fide of thp 

centers^ 
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centers, may be conceived to act like two prifmft, which 
refract contrary ways ; and if th^ excefe df refraction 
Sn the crown glafs be fuch as to deftroy the divergency 
of colour caufed by the flint-glafs, the incident ray will he 
refracted without any production of colour : the fame it 
true of all the incident rays, and confequently the image 
formed m the focus of this compound object-glafs will 
be free from colours ; or, in other words, by means of 
the different refractive power of thefe two forts of glafs 
and their unequal figure, it comes to pafs that all the 
lays of light incident upon thofe glaffes from diftant 
radiant objects, will pafs through them in fuch a nian* 
ner, that whatever aberration is occasioned in thje he- 
terogeneal rays in refraction through the firft glafs, is 
fo far corrected by the fecond, that thofe rays emerge 
from it nearly parallel among themfelves, and arc con- 
verged to one focus, forming an image not fenfihly 
compounded or coloured, and therefore are more per- 
fect and diftinct. It will therefore admit a much larger 
aperture, and of courfe a greater magnifying power 
than the common refracting telefcopes pofKbly can ; if 
the tclefcope be fliort, the convexity of tlie lenfes will 
be confiderable ; and in fuch cafes it is mofl convenient 
to combine three lenfes, one concave of white flint-glafs 
between tvio convex of crown -glafs ; but ftill^, where a 
great magnifying power is wanted, recourfe niufl be 
had to reflecting telefcopes : thefe, and all other optical 
and philofophical inftruments, are to be had in their 
greateft perfection of that ingenious .artift Mr. George 
Adams, Fleet Street^ London ; whofe affiduity in ren- 
dering philofophical refearches familiar, is well known 
to the fcientific. 
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CLOCK-MAKING. 



Of the Terms of ArU or Names by which the Farts of an 
Automaton are called* 

IT IS necelTary that I fhould (hew the meaning of the 
terms which clock-makers ufe, that gentlemen, and 
ethers, unfkilled in the art, may know how to exprefs 
themfelves properly, in fpeaking ; and alfo underfland 
what I (hall fay in the following treatife : 

I begin with the more general terms : as, the framfe^ 
which is that which contains the wheels, and the reft of 
the Work. The pillars and plates are what it chiefly 
conlifts of. 

N^xt for the main-fpring, and its appurtenances. 
That which the fpring lies in, is the fpring-box : that 
which the fpring Ups about, in the middle of the fpring- 
box, is the fpring-arbor ; to which the fpring is hooked 
at one end. At the top of the fpring-arbor, is the end- 
lefs-fcrew, and its wheel : but in fpring-clocks, it is a 
ratchet-wheel, with its click that ftops it. 

No. XVIII. Nn That 
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That which the main fpring draweth, and atxhit 
which the chain or ft ring is wrapped, and which is com-» 
monly taper, is the fufy. In larger work, going with 
weights, where it is cylindrical, it is called the barrel t 
the fmall teeth at the bottom of the fufy, or barrel, that, 
ftop it in winding up, is the ratchet. That which ftop« 
it when wound up, and is for that end driven up by tha 
firing, is the gardegut. 

The parts of a wheel are, the hbbp, or rim ; the teeth} 
the crofs; and the collet, or piece of brafs, foldered on 
the arbor, or fpindle, on which the wheel is ^^ivettcd* 

A pinion, is that little wheel which plays in the teeth 
of the wheel : its teeth (which are commonly 4, 5, 6, 7| 
8, &c.) are called leaves, not teedi* 

The ends of the fpindle, are called pivots : the holei 
in which they run, pivot holes. 

The guttered wheel, with iron fpikes at the bottom^ 
in which the line of ordinary thirty-hour houlb-clocks 
doth run, is called the puUey. 

I need not fpeak of the dial-plate, the hands^ fcrews^ 
wedges, ftops, &c. 

Thus much for general names, which are common tv 
4II parts of a movement. 

The moft ufual movements arc watches and clocks* 
Watches, ftriftly taken, are all fuch movements as fiie^ 
the parts of time ; and clocks are fuch aspublifh it, by 

ftriking 
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ftriking on a bell, &c. But commonly the name of 
iivatches is appropriated tofuch as are carried in thepoc* 
ket ; and that of clock to the larger movements, whe- 
ther they ft r ike the hour or no. As for watches which 
ftrike the hour, they are called pocket^clocks. 

The parts of a movement^ whid) I (hall confider, arc 
the watch and clock parts. 

The watch part of a roovcfment, i« that Which ferveth 
to the meafuring the hours I in which the firft thing I 
fhall coniider is the balance ; whofe parts are the rim, 
•which is the circular part of it ; the verge is its fpindle, 
to which belong the two pallets, or leaves, which play 
in the teeth of the crown-wheel : in pocket watches, thai 
ftrong ftud, in which the lower pivot of the verge plays^ 
and in the middle of which, one pivot of the balance* 
wheel plays, is called the pottance* The bottom of thig 
is called the foot ; the middle part (in which the pivof; 
of the balance-wheel turns) is called the nofe ; the upper 
part, the flioulder of the pottance. The piece which 
covers the balance, and in which the upper pivot of the 
balance plays, is the cock. The fmall fpring in pocket 
watches underpeaththe balance^ is the regulator, orpen«> 
dulum-ipring. 

The parts of a pendulum are the verge* pallets, and 
cocks, as before. The ball in long pendulums, the bob 
in ftiort ones, is the weight at the bottom : the rod, or 
wire is plain. The term peculiar to the royal fwing, are 
the pads, which are the pallets in others, and are fixed 
on the arbor; the fork is alfo fixed to the arbor, and about 
fix inches telow, catcheth hold on the rod, at a flatpiece 
of brafs, called the flat, in which the lowg: end of the 
^ing is fattened^ 

N n a The 
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The names of the wheels next follow: thecrown-iA( 
in fniall pieces, and the fwiog wheel in royal pendulBinsy 
is that wheel which drives the balance^ or pendulum. 

The contrate-whecl, is that wheel in pocket-watcher 
and others, which is next to the crown-wheel, whofe 
teeth and hoop lie contrary to thofe of other wheels; 
whence it hath its name, 

TTic great wheel, or firft-wheel, is that which th9 
fnfy, &c. immediately drivcth. Next it arc the fecond* 
wheels third-wheel, &c. 

Next followeth the work between the frame and dial* 
plate: and firft, is the pinion of report; which is tliU 
pinion which is commonly fixed on the arbor of tk 
great wheel, and in old watches ufed to have commonlj 
but four leaves ; which driveth the dial-wheel, c^ndtbii 
carrieth about the hand. 

The laftpart which I fhall fpeak of is the clock, which 
is that part which ferveth to ftrike the hours : in which, 
I fhall firft (peak of the great or firft wheel ; which is 
that which the weight or fpring firft drives. In thir-» ' 
ty-hour clocks, this is commonly the pin-wheel: thii 
wheel, thus with pins, is called the ftriking-whccl, ot 
pin-wheel. 

Next to this ftrikingi-wheel, followeth the detent^ 
wheel, or hoop-wheel, it having a hoop almoft round it, 
in which is a vacancy, at which the clock locks. 

The next is the third, or fourth-wheel (according as it 
is diftant from the firft wheel^ called alfo the warning- 
wheel, 

An4 
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., And laftly, is the flying pinion, with a fly, or fan, to 
gather air, and fo bridle the rapidity of the clock's dolo* 
tion. 

BeCdes thefe, there are the pinion of report, of which 
before, which driveth round the locking wheel, called 
alfo the count-wheel, with eleven notches in it com- 
jnonly, unequally diftant from one another, to make the 
clock ftrike the hours of i, 2, 3, &c. 

Thus much for wheels of the clock part. 

The detents are thofe flops which, by being lifted 
tip, or let fall down^ do lock and unlock the clock in 
^riking. 

The hammers ftrike the bell : the hammer-tails are 
what the ftriking-pins draw back the hammers by. 

X-atches arc what lift up, and unlock the work. 

Catches are what hold by hooking, or catching hold 

The lifting pieces do lift up, and unlock the detents, 
}n the clock part. 

The train is the number of beats or vibrations which 
the watch makcth inan hour, or any other certain time. 

There are befide thefe, divers other terms which clock- 
makers ufc in various forts of pieces; as the fnail or ftcp* 
Wheel^ in repe^ting-clocks, the rack, the fafeguards, the 
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feveral leren^ lifters, and detents: htiLtit'^iM beu- 
dioos, and it is needlefs to mention the paitkiiflara. 

• • ' 

For the better underftandingthefetermsbf ar^ and th? 
parts of a clock, I have reprcfented them to the eye : in 
which, two diftinft parts may be obferved; the watch, 
and the clock part. 

The wheels, &c. on the right hand, is the watch part; 
they on the left, the clock. 

p^ D.D, The fpring'boxcs of the watch and clock part, 

E. E. The great wheel of each part* 

F.F.Thc fufy of each part, about which the chain \ 
or firing is wrapped* 

o. o. TThe click and fpring of each part* 

g, g. The ratchet of each part. 

a* The hoop, or rim of the fecond whccU 

b The crofs thereof, 

c. The pinion* 

d. The third-wheel. 

X. The pallet-wheel* 

L. The pin-wheel, with the ftriking-pinS e. c. e* 

B* The hoop^wheeU 
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tu The warning wheel, or fourth-whecL 

O. The detenu 

P. The lifting-piece. 

2. The fan, and flying-pinion. 

k- The bell. 

S* The hammer. 

T, The hammer-tail. 

y. The hammer^fpring. 

V. V- The chain, or ftring of the watch and clock. 

The pendulum confifts of, i. The rod. 2. The fork. 
3. The flat.; 4. The great balL 5. The correftor, or 
regulator ; being a contrivance of very great ufe to bring 
the pendulum to its niceil vibrations, and is fixed oa 
the verge at the end of the pallets 5. 5. 



Tjo fold the Lirtgth vf a Penduhm that Jhatl mate anf 
Numbtr tf FUrations in a Minutey and vice vtrfa. 

A Pendulum whofe length is ^^.z inches, from the 
foint of fufpenfion to the center of ofclllatipn, makes 60 
vibrations in a minute : this is called dandard length. 
For any other number of vibrations in a minute, fay 
Kthc fquare of the given number of vibrations is to the 

fquarc 
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fqtiarc of 60, fo is the length of the ftandard tothcIengA 
fought. Thus, fuppofc the given number of vibrationi 
to be 30 per minute : the fquare of 30 is 900, and dc 
fquare of 60 is 3600 : then, as 900 is to 3600, fo,is 39.2 
to 156.8: fo that the length required for 30 viSrationi 
per minute is 156.8 inches. 

If the length of the pendulum be given, and the num- 
ber of vibrations it makes in a minute might bie required; 
fay, as the given length is to the ftandard length (39.1 
inches) fo is the fquare of 60 vibrations to the fquareof 
the number required: the fquare root of which fhall be 
the number of vibrations made by the pendulum in a 
minute. Thus, fuppofe the given length to be 156.II 
inches : as 156.8 is to 39.2, fo is 36CX) (the fquare oi 
, 60) to 900; the fquare root of which is 30, the number" 
•f vibrations that this pendulum will make in a minute, 

I 

The length of a pendulum that would make only one I 
vibration in a minute is 3920 yards, or 141 1 20 inches: 
and the length of a pendulum that would make 240 vi- 
brations in a minute (or 4 in afecond) is 2.45 inches. 

In thefe calculations, it is fuppofed that the weight of 
the pendulum-rod bears little or no fenfible proportion 
to the weight of the ball. But as this cannot be the 
cafe in praftice, the center of ofcillation will always be 
further from the point of fufpenfion than the calculatiott 
makes it; and this muft be found by trial. 
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Sfi divide the Circumference of a Circle into any given Nunt* 
her of equal PartSy whether even or odd. 

As there are very uncommon and odd numbers of 
teeth in Ibme of the wheels of the aftronomical 
clocks, and which, confequently, could not be cut 
by any common engine ufed by clock-makers for 
cutting the numbers of teeth in their clock-wheels, I 
thought proper to Ihew how to divide the circumference 
of a circle into any given odd or even number of equal 
parts, fo as that number may be laid down upon the 
dividing-plate of a cutting engine. 

There is ho odd number, but from which, If a certain 
number be fubtrafted, there will remain an even num-^ 
ber, eafy to be fubdivided: thus, fuppofing the given 
number of equal divifions of a circle on the dividing- 
plate to be 69 ; fubtraft 9, and there will remain 60. 

Every circle Is fuppofed to contain 360 degrees: there- 
fore fay, as the given number of parts in the circle, 
which is 69, is to 360 degrees, fo is^ parts to the cor- 
refponding arc of the circle that will contain them : 
which arc, by the rule of three, will be found to be 46 
515-100. Therefore, by the line of chords on a common 
fcale,or rather on a feaor,fet ofF46 95-100 (or 46 9-10) 
degrees with your compafles, in the periphery of the 
circle, and divide that arc or portion of thccircle intog 
equal parts, and the reft of the circle into 60; and the 
whole will be divided into 69 equal parts, as was required. 

Again, fuppofe it were required to divide the circun> 

fcrence of a circle into 83 equal parts j fubtraft 3, and 
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80 will remain. Then as 83 parts are to 360 degrees, 
fo (by the rule of proportion) are 3 parts to 13 degrees 
and one hundredth part .of a degree ; which fmall 
fraction may be neglefted. Therefore, by the line of 
chords, and compafles, fet off 13 degrees in the peri- 
phery of the circle, and divide that portion or arc into 3 
equal parts, and the reft of the circle into 80 j and the 
thing will be done. 

Once more, fuppofe it were required to divide a given 
circle into 365 equal parts : fubtraft 5, and 360 will re- 
main. Then, as 365 parts are to 360 degrees, fo are C 
parts to 4 93-100 degrees. Therefore, fet ofF4 93-ioa 
(or4 9-10) degrees in the circle; divide that ipace into 
5 equal parts, and the reft of the circle into 360; and 
the whole will be divided into 365 equal parts, as wa$ 
required. 

I have often found this rule or method very ufeful In 
dividing circles into an odd number of equal parts, or 
wheels into odd numbers of equal fized teeth with equal 
fpaces between them: and now I find it as eafy to di- 
vide any given circle into any odd numbers of equal 
parts, as to divide it into any even number. For this 
purpofe I prefer the line of chords on a feftor, to that on 
a plain fcale; becaufe the feftor may be opened fo, as to 
make the radius of the line of chords upon it equal to 
the radius of the given circle,unlefs the radius of the cir- 
cle exceed the whole length ofthefeftorwhen it is opened 
fo as to refemble a ftraight ruler, or fcale ; and this is 
what very feldom happens. 

Any perfonwhois ufed to handle the compafles, and 
the fcale or fcdor, may very cafily, by a liulc pradWcc^ 
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take ofFdegrces, andfraftional parts of a degree, by the 
accuracy of his eye, from a line of chords, near enough 
the truth for the above-mentioned purpofe. 



Suppojing the Di/lance beMeen the Centers of two Wheels^ dne 
of which is to turn the others be given ; that the Number of 
Teeth in one oftheje Wheels is different from the Number of 
Teeth in the other, and it is required to make the Diameters 
of thefe Wheels infucb Proportion to one another a^ their 
Numbers of Teeth areyfo that the Teeth in both Wheels may 
bi of equal Siziy and the Spaces between them equals that 
either of them may turn the other eafily and freely^ — it is re-* 
quired to find their Diameters. 

HERE it is plain, that the diftance between the cen- 
ters of the wheels is equal to the fum of both their radii 
in the working parts of the teeth. Therefore as the num- 
ber of teeth in both wheels, taken together, is to the dif- 
tance between tlieir centers, taken in any kind of mea. 
fure, as feet, inches, or parts of an inch ; fo is the num- 
ber of teeth in either of the wheels to the radius or femi- 
diameter of that wheel, taKen in the like meafure, froia 
its center to the working part of any one of its teeth. 

Thus, fuppofe the two wheels muft be of fuch fizes 
as to have their diftances between their centers 5 inches ; 
that one wheel is to have feventy-five teeth, and the 
other to have 33, and that the fizes of the teeth in both 
the wheels is equal, fo that either of them may turn the 
other. The fum of the teeth in both wheels is 108 ; 
therefore fay, as 108 teeth is to 5 inches, fo is 75 teeth to 
3 inches and 47 Hundred parts of an inch : and as 108 
Ooa it 
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is to 59(0 is 3310 1 inch and 53hiiiulred parts of an ind(. 
So that from the center of the wheel of 75 teeth to the 
working part of any tooth in it, is 3 inches and 47 hun** 
dred paru of an inch; and, from the center of the 
wheel of 33 teeth to the working part of either erf iti 
teeth, is i inch and 53 hundred parts of an inch* 

dmral frdUaittary Rules audDlreSionsfor Calculation. 

FOR the more clear underftanding this. It muft be ob* 
lerved, Jkat thofe automata (whofe calculation I 
chiefly intend) do by little interfticcs, or ftrokes, mca* 
fure out long portions of time. Thus the ftrokes of the 
balance of a watch do meafure out minutes^ hours, 
days, &c. 

Now to fcatter thofe ftrokes amongft wheels and pi* 
nions, and to proportionate them, fo asto meafure time 
regularly, is the defign of calculation. 

And in the firft place, you are to know, that any 
wheel being divided by its pinions, ftiews how many 
turns that pinion hath to one turn of that wheel. Thus 
a wheel of 60 teeth driving a pinion of 6, will turn, 
round the pinion 10 times in going round once. 6)60(10. 

From the fufy to the balance the wheels drive the pi- 
nions; and confequently the pinions run fafter, or go 
more turns, than the wheels they run in. But it is con- 
trary from the great wheel to the dial-wheel.- Thus, in 
the laft example, the wheel drives round the pinion la 
times : but if the pinion drove the wheel, it muft: turn 
10 times to drive the wheel round once. 

Before 
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Before I proceed further, I muft fhew how to writQ 
down the wheels and pinions; which may be done either 
as vulgar fraflions, or in the way of divifion in vulgar 
arithmetic. For example, a wheel of 60 moving a pinion 
of 5, may be fet down 6o-5ths; or thus 5)60 : where 
the uppermoft figure 60, or numerator, is the wheel, 
the lowermoft or denominator, is the pinion : or in the 
latter example, the firft figure is the pinion, the next 
without the hook the wheel. 

The number of turns which the pinion hath in one 
turn of the wheel, is fet without a hook on the right 
hand, as 5)60(12 ; i. e, a pinion 5 playing in a wheel of 
60, moveth round 12 times in one turn of the wheel. 

A whole movement may be noted thus, 4) 36 (9 

♦ V V V feventeen notches in tha ^ 

x«^xxx 5)55(11 

crown-whceU Or rather becaufe cafier c)4C(o 

to mean capacities, as you fee here in the 5( 40(8 

margin: where the uppermoft number a- — — — 
bove the line is the pinion of report 4, the ' 

dial-wheel 36, and 9 turns of the pin of report. Th^ 
fccond number (under the line) is 5 the pinion, 55 is the 
great wheel, and 11 turns of the pinion it driveth. The 
third numbers are the fecond wheel, &c. The fourth the 
contrate wheel, &c. And the fingle number 1 7 under 
all, is the number of the crown-wheel. 

By knowing the number of turns which any pinion 
hath in one turn of the'wheelitworketh in, you may alfo 
find out how many turns a wheel or pinion hath at a 
greater diftance; as the contrate wheel, crown wheel,&c. 
For it is but multiplying together the quotients (by the 

quotients 
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quotients, I commonly mean the number of turns; whick 
number is fet on the right hand, without the hook, as is 
Ihewn in the laft example) and the number produced is 
the number of turns. An example will make what I fay 
plain : let us chufe three numbers here fet 
5) 55 ( 1 1 down ; the firft of which hath 1 1 turns, the 
5)^5(9 next 9, and the laft 8. If you multiply 11 
i)^ \ and 9, It produceth 99, for 9 times 1 1 is 99, 

that is in one turn of the wheel 55, there are 
99 turns of the fecond pinion 5, or the wheel 40, which 
tuns concentrical, or on the fame arbor with the fecond 
pinion 5. For as there are 11 turns of the firft 
pinion 5, in one turn of the great wheel 55, or (which 
is the fame) of the fecond wheel 45, which is on the fame 
fpindle with that pinion 5; fo there are 9 times 1 1 turns 
in the fecond pinion 5, or wheel 40 in i turn of the great 
wheel 55. If you multiply the laft quotient 8 (that is, 
8 times 99 is 792) it fhews the nmnber of turns which 
the third and laft pinion 5 hatli.- So that this third and 
laft pinion turns 792 times in one turn of the firfl wheel 
55. Another example will make it ftill more plain. 

The example is in the margin. The turns 
8) 80 ( 10 are lo, 9,and 8. Thefe multiplied as before, 
^)54(9 run thus, viz. 10 times 9 is 90, that is the 

^^^^V pinion 6 (which is the pinion of the third 

2^ wheel 40, and runs in the fecond wheel 54) 

turns 90 times in one turn of the firft wheel 

80. This laft produft 90 being multiplied 
by 8, produces 720; that is, the pinion 5 (which ij the 
pin of the crown-wheel 15) turns 720 times in one turn 
of the firft wheel of 80 teeth. 



^wlajf 
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Jlwbok Movement of a modern Pocket ffatcb my U 
not id thus: 



Teeth Leave* 

The great wheel - 48 - 12 

Centre wheel - 54 - 6 

Third wheel - 48 - 6 

Contrate wheel -48 - 6 

Balance wheel - 15 - 2 pallets. 

Thus when the Watch is wound up, the chain from 
the fpring exerts a force upon the fufee, which gives 
motion to all parts of the machine. 

The great wheel on the fufee having 48 teeth, and 
driving the center wheel by a pinion of 12 leaves, make 
the center wheel turn round four times in one turn of 
the fufee. Thus alfo we may account for all others; 
for, 

If 12) 48 (4= Turns of the center wheel. 
So 6) 54 (9 = Turns of the third wheel. 
6) 48 (8 = Turns of the contrate wheel, 
6)48 (8 = Turns of the balance. 

Then multiply thefe feveral quotients together fuccef- 
lively, and you will find the turns of each of thofe wheels 
refpeftively in one turn of the fufee. 

Thus I turn of the fufee, or great wheel; 4muLi = 
to 4 turns of the center wheel ; 9 muU 4, mul. i = to 
36 turns of the/ third wheel; 8 mul. 9, mul. 4. mul.^i 
c= to 288 turns of the contrate wheel; 8 mul. 9 mul. 
4 mul. I ^=: to 2304 turns of the balance wheel. 

And 
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And the balance wheel having 15 teeth, and each link- 
ing a pallet twice in one revolution, there will be thirty 
ftrokes upon the axis of the balance, which are called the 
beats of the balance ; confequently there muft'be 2304 
muU 30 = 69120 ftrokes or beats in one turn of the fu- 
fee or great wheel. 

But though thefe particulars arc neceflary to be prc- 
mifed/our principal regard, in thedivifion of time, is to 
be paid to the center wheel. For this wheel alone is that 
upon which both the hour and minute-hand is moved or 
carried round upon the face of the watch, to fhew the 
hour of the day, and the minute of the hour, &c* 

If we would find out the number of beats of the ba- 
lancein the time of thofe turns above-mentioned, it muft 
be noted, that as the watch goes thirty hours, and the 
minute-hand, and confequently the center wheel goes 
round once in an hour, the faid center wheel will have 
thirty turns in the time of the watch's going round; and 
becaufe it hath four turns in one of the fufee, therefore 
we muft fay 4)3o( = 7 | ==the number of turn^ of the 
fufee, in winding up the watch. Whence we find 69120 
mul. 7, 5 :== 518400 == thp number of the beats in 30 
hours. Then if we divide 5 18400 by 30, the quotient will 
be 17280 = number of beats in an hour, which is 
called the train of a Watch; which train is called 
fwifter or flower, as the number of beats in an hour is 
piorc or lefs : fo again, if we divide this tfain 17280 by 
3600, thefeconds in an hour, the quotient will be almoft 
j, or al^ioft ^ beats per fecpnd in fpcb a watch. 



Br 
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By this analyfis, it is eafy tcr form an idea of the 
manner of calculation for the numbers of the teeth and ^ 
leaves for the feveral wheels and pinions in a watch ; 
which may further be illuftrated by an example of a 
train 14400, which will beat quarter feconds, becaufe 
fuch a train is ufeful in many philofophical cafes^ as 
Well as in the jull divliion of time. 

Suppofe the intehded watch is to go 32 hours ; then 
it will be found that 14400 multiplied by 32 ==460800 
= the beats of the balance in 32 hours. And if the 
number of turns in the fufee be 8, then 8)46o8oo( =^ 
57600 =s the beats in one turn of the fufe^. 

Again, fuppofe the number of teeth in the balance* 
wheel be 15, there will be 30 beats in one turn of this 
vrheel ; then 3o)576oo( = 1920, which will be the ' 
number arifing from the continued multiplication of all 
the quotients of the wheels, divided by the pinions they 
drive from the great wheel to the balance-wheel^ as 
has been already exemplied. 

Our next care is to break this number into four con- 
ven?ent fmall numbers, which, multiplied together, 
■ fball make the fame number 1920. Then I fay, 4)i920( 
= 480, Again, I fay, 6)48o( = 80 ; and as I plainly fee 
that 80 = 8 multiplied by 10, confequently the four 
numbers (ought fof are 4, 6, 8, and 10 ; becaufe, mul- 
tiply thefe nurnbers together, they will make exafily 
1920 : thu$, 4 muL 6 muL 8. mul. 10 =»= 1920. 

ThQ quotients thus invcftigated, we may eafily find 
mh^i l^itge .nuipbers, divided by fmall ones, .^ill pro- 
No.. XIX. ^ Pp ' duce 
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ducc the faid quotients: thus I2)48( =4. Confe- 
quently, if we allow 48 teeth to the great wheel on the 
fufee, it muft drive a pinion of 12 on the center- wheeU 
So again, if for the quotient 6, we choofe 54 and 9 
( thus 9)54(s=r 6 ) it {hews that the teeth of the center 
wheel roay be 54 ; and it muft drive a pinion of 9 on 
the third wheel. Or if, inftead of 54 and 9, we chufe 
48 and 8, it will anlwer the fame end : thus 8)48(=:6. 
As for the quotient 10, we may eafily perceive that 50 
:ind 5 will anfwer the enquiry : thus 5)5o(= 10 ; fo 
the third wheel having 50 teeth, muft drive a pinion 
of 5 on the contrate wheel : where note, that if the faid 
wheel has 40 or 60 teeth, and drive a pinion of 4 or 6> 
we (hall find the fame number of turns exactly : and as 
for the quotient 8, we have the number 48 and 6 ; thus, 
6)48(=8 ; or,-7)56(=8 ; or, 5)40(=8 : therefore, if 
. the contrate wheel be allowed 40, or 48, or 56 teeth, 
it will drive a pinion of 5, 6, or 7 leaves on the balance- 
wheel. 

Thus it is to determine and adjuft all the wheels and 
pinions in the body of a watch, from the fufee to the 
balance, fo far as to relate to the minute of an hour, 
and to the feconds and quarter feconds of a minute. 

Having {hewed, as clearly as I can, the way of cal- 
culating numbers for the watch-part, I fiiall alfo briefly 
{hew the principles of the ilriking part. 

Altho'this part confifts of many wheels and pinions, 

yet relpedt needs to be had only to the count-wheel, 

itriking-wheel, and detent-wheel, which move round 

Fig. 4. i" this proportion ; the count-whe6l B moveth round 

commonly once in 12 or 24 hours. The detent-wheel' 

nioves 
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moves round every ftroke the clock ftriketh ; fome- 
times but once in two ftrokes. From whence it fol- 
lows, 

1. That as many pins as are in the pin-wheel, fo 
many turns hath the detent-wheel in one turn of the 
pin-wheel : or (which is the fame) the pins of the pin- 
wheel are the quotient of that wheel, divided by the 
pinion of the detent-wheeL But if the detent-wheel 
movetK but once round in two ftrokes of the clock, 
then the faid quotient is but half the number of pins, 

2. As many turns of the pin-wheel as are required to 
perform the ftrokes of 12 hours (which are 78) fo many 
turns muft the pinion of report have, to turn round the 
count-wheel once. Or thus : Divide 78 by the nuro^ 
ber of ftriking-pins, and the quotient thereof ihall be 
the quotient for the pinion of report and the count- 
wheel. All this is, in cafe the pinion of report be fixed 
to the arbor of the pin-wheel, as is very commonly 
done. 

All this I take to be very plain : or, if it be not, 
the example in the margin will clear 
all diflSculties. Here the locking- 8)48(6 
wheel A is 48, the pinion of report is ■ 
8, the pin-wheel is 78, the ftriking- 6)78(13 pins 
pins are 13: and fo tl>e reft. I need 6)6o(;o 
only to remark here, that 78 being 6)48(8 
divided by the 13 pins, gives 6 ; which 
is the quotient of the pinion of report O, as was before 
hinted ; and the notches of the plate B ferve.to let the 
locking-piece C fall into ; which comes from the de- 
tent D. 

Pp2 As 
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As for the warning-wheel and flying^pinion, it m; 
ters little what numbers they have, their vtfe being or 
lo bridle the rapiaity of the motion of the other whet 

Numbers offeveral Sorts of Afovements. 

Although I have I.efore given fuch plain di regions 
may, I hope accoiiplifli a young pfinStitioner in t 
art of calculation, yet if may be very cbnvenient to i 
iox^n fome numbers fit for feveral movements* part 
to he as examples to exercife the young reader ; ai 
partly to ferve fuch who want leifure or underftandii 
to attain to the ait of calculation. 



Numbers of an Eight- Day Piece j with i6 Turns of 
Barrel : the Pendulum vibrates Seconds^ and 
flews Minutes^ Seconds^ (ffc . 



Watch part. 


Clock part. 


8)96 


8)78 


8(60—40)40—6)72 


7)56 8 pins 


7)56 


7)49 




7)49 



30 

In the watch part, the wheel 60 is the minute-whee 
which is fet in the middle of thex:lock, that its fpind 
may go through the middle of ihq dial-pJate, to can 
the minute-hand. 

Pig. 3. Alfo, on this fpindic is the wheel 40, a, which drr 

eth another wheel b of 40; which laft hatha pinion 6 
which driveth round that of72 din lahour^. Notet^ 

things 
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things: I. That the two wheels 40^ are of no other 
Mk but to fet the pinion 6 at a convenient diftance 
from the minute-wheel, to drive the wlieel 72, which 
is concentrical with the minure- wheel ; for a pinion 6 
driving a wheel 72, would be fufi&cient, if the minute- 
hand and hour-hand had two diflFerent centers. 2. 
Thefe numbers, 60 — 40)40 — 6(72, fet thus, ought, ac- 
cording as above, to be thus read, viz. The wheel 60 
hath another wheel 40, on the fame fpindle ; which 
wheel 40, divideth (playeth in, or turns round) ano- 
ther wheel 40 ; which hath a pinion 6 concentrical 
with it ;: which pinion driveth or divideth a wheel of 
72; for a line parting two numbers (as 60— 48) de- 
noteth tk»ofti two numbers to be concentrical, or to be 
placed upon the fatn* fpindle. And when two numbers 
have a hook between them (as 48)48) it fignifies one to 
run in the other. 

In the flriking part, there are 8 pins on the fecond- 
wheel 56. The count-wheel may be fixed unto the 
|rreat wheel, which goeth round once in 12 hours. 

jf Piece of 32 Days, with 1 6 Turns both Parts : 

the JVatch Jhevjeth Hoursy Minutes^ and Seconds ; 

and the Pendulum vihrateth Seconds, 



Watch part, 
with 16 turns. 



16)96 

9)72 

8)6 

7)56 

30 



.48)48— 6;72 



Striking part, 
with 16 turns. 

10)130 

6)72 double hoop. 
6j6o 



The 
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A Year^Piece of^i^. Days, wit A Turns j Pendulums ^ and 
Motions f as before. 

Watch. Clock. 

12)108 10)120 

.9)72 8)96—26)9 

8)64 6)78.26 pins 

8)60 — 48)48 — 6)72 6)72 double hoop 

1)S(> 6)60 

30 
If you had rather have the pinion of report; on the 
fpindle of the pin-wheel, it muft be 13)39. 

ji Piece of ^O Hours ^ Pendulum about b Inches. 

Watch. Clock. 

12)48 8)48 

6)78 13 pins 

6)60 

6)48 

J 30 Hour-Piece^ tofwing Seconds. 

Watch part. Clock part. 

6)90 6)78 13 pins 
6)72 6)54 
7^49 

Repeating Work. 

LET A be a piece of brafs cut down in twelve fpiral 

fteps, in form of a fnail (from whence it takes its name) 

a« in the figure ; let this be fixed on the focket of the 

hotr-wheel ; and fi G L F the rack, with 14 teeth, turn- «. 

^ Fig. X. 

ing on its center L, having a fpring H to force the end F 

upon- 
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Qpon the fteps of the fnail A, when at liberty. The pin 
at I in the motion-wheel, takes hold of the lifting-piece 
D M K ; and the end K, in rifing, lifts up the hook Q 
which lies in the teeth of the rack, and rife« until the 
teeth are difengaged from it ; the end F then falls 
down, and ftops againft the fteps of the fnail A, which 
in the figuie is at two o'clock. 

Thearbor of the third or gathering-wheel m (fig. 2.) 
comes thro' the plate on which the pallet Em (fig, i,) 
is fixed ; a turn of which anfwering to one ftroke of 
the hammer, gathers the rack up one tooth : 12 fteps ! 
of the fnail anfwer 12 teeth in the rack ; and when the .' 
gathering pallet E m, has taken as many teeth in the \ 
rack as the number of the hour, the end E of the pallet | 
ftops againft a pin in the rack at G, and is there at reft ; 
^ until the hook C is again lifted out of the teeth by tbe 

lifting-piece, as before. ; 

When the hook C is lifted out of the teeth of the 
rack, the clock would ftiike continually, as the hook 
being out of the teeth, prevents the rack being ga- 
thered up ; but that the end K of the lifting-piece has 
a fmall arm which goes through the plate, and a pin in 
the wheel n, which ftops againft it in fuch a manner, 
that when the lifting-piece is fuffered to fall by the 
pin I, having gone paft the pin in the rim of the wheel 
n, it isclear of thearfnat theendof ttie lifting-piece K; 
the wheel being then at liberty, the clock ftrikes until 
the gathering pallet E ftops againft the pin of the rack 
at G, as before. By putting a fmall ftring to the top* 
end of the fpring S, to come thro* the cafe, it may be 
made to ftrlke.the laft hoqr at any time, except whea 
oa the warning. 

ASTRONOMY- 
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ASTRONOMY. 




A brief Defcription of the Solar Syfem. 



THE Sun, with the planets and comets which move pi^^^^ ^j^ 
round him as their center, conflitute the folar 
fyftemf Thofe planets which are near the Sun, not only 
fini(h their circuits fooner, hut likewife move fafter in 
their refpedive orbits, than thofe which are more re- 
fDOte from him. Th^ir motions are all performed from 
-weft to ea(l, in orbits nearly circular. Their names, 
^ift^nces, bulks, and periodical revolutions, are as fol- 

The Sun, an immenfe globe of fire, is placed near 
the common center of all the planets, and turns round 
his axis in 25 days 6 hours, as is evident by the mojtion 
offpotsfeen on his furface; which have often been 
remarked tckeep this time before they difappeared* 
His diameter is computed to be 763,000 miles : all pla- 
nets feen from him move the fame way, and according 
to the order of the figns in the graduated circle, Aries, 
Tauru5, Gemini, Cancer, &c. which reprefent the 
great ecliptic in the heavens ; biit as feen from any one 
planet, the refl appear fometimes to go backward, and 
fometimqs forward, and fometimes to fland ftill, not in 
circles or ellipfes, but in looped curves, which never 
return into themfelves. 

No. XIX. dq Mercury, 
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Merc'vry. Mercury^ the neareft planet to the Sun, goes round 
him in 87 days 23 hours of our time nearly ; which is 
the length of his year. But being feldom feen, and no 
fpots appearing upon his (urface or difk, the time of his 
rotation on his axis, or the length of his days and 
nights, are as yet unknown. His diftance from the Sun 
is computed to be 32,000,000 of miles, and his diarae-« 
ter 2,600. In his courfe round the Sun, he moves at the 
rate of 95,000 miles every hour. His light and heat from 
the Sun are almoft feven times as great as ours ; and the 
Sun appears to him near feven timvs as large as to us. 

His orbit is inclined feven degrees to the ecliptic; and 
that node from which he afcends northward above the 
ecliptic, is in the 14th degree of Taurus ; the oppofite 
in the 14th degree of Scorpio. The Earth is in thefe 
points on the 6th of November and 4th of May, new 
ilile ; and when Mercury comes to either of his nodes, 
when he is between the Earth and Sun in the nearer part 
of his orbit, he will appear to pafs over the diik or face 
of the fun, like a dark round fpot ; but in all other parts 
of his orbit, his conjuiidlions are invifible, becaufe he 
either goes above or below the Sun, 

' According to Mr.Whifton, he will appear on the 
Sun*s dilk in 1789, Dec. 6th, at 3h. 55m. in the after- 
noon; and in 1799, May 7th, at ah. 34m. in the after- 
noon. There will be feveral intermediate tranfits, but 
none of them vifible in this latitude. 



Venus. 



Venus, the next planet in order, is computed to be co 
millions of miles from the Sun ; and by moving at the 

rate 
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rate of 69,000 miles every hour in her orbit, (lie goes 
round the Sun in 224 days 17 hoursof our time nearly ; 
in which, tlio' it be the full length of her year, iflie has 
only nine days one quarter, according to the beft ob- 
fervations ; fo that, to her, every day and night toge- 
ther, is as 24 i-3d days and nights with us, This odd 
i-4th of a day in every year, makes every fourth year 
to Venus, as the like does to our Earth. Her diameter 
is 7,906 miles ; and, by her diurnal motion, the inha- 
bitants about her equator are carried 43 miles every 
hour, beildes the 69,000 above mentioned, 

Venus's orbit is inclined 3I degrees to the Earth's, 
and crofies it in the 14th degree of Gemini and of Sa* 
gittarius. 

The axis of Versus is inclined 75 degrees to the axis 
of her orbit ; which is 51I degrees more than the Earth's 
axis is inclined to the axis of the ecliptic ; and therefore 
her feafons vary much more than ours do. The north 
pole of her axis inclines toward the 20th degree of 
Aquarius; the Earth's to the beginning of Cancer; 
confequently the northern parts of Venus have fummer 
in the figns where thofe of the Earth have winter, and 
vice verfa. 

As her annual revolution contains only 9^ of her 
days, the Sun will always appear to go thro' a whole 
iign, or I2th part of her orbit, in little more than three 
quarters of her natural day, or nearly in 13I of our 
days and nights. 

She fliews the fame appearances to us regularly every 

?ight years; herconjundlions, elongations, and times of 

Qjj 2 rifing 
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rifiog and fetting, being very nearly the fame on the 
fame days as before. 

The Earth is the next planet above Venus in the 
fyftem. It is 82,000,000 of miles from the fun, and goes 
round him in 365 days 5 hours 49 minutes, from any 
equinox or folftice to the fame again ; but from any 
fixed ftar to the fame again, as feen from the Sun, in 
365 days 6 hours and 9 minutes ; the former being the 
length of the tropical year^ and the latter the length of 
the fydereal. It travels at the rate of 58,000 miles every 
hour ; which motion, tho' 120 times fwifter than that 
of a cannon-ball, is little more than half as fwift as 
' Mercury's motion in his orbit. The Earth's diametei 
is 7,970 miles ; and by turning round its axis every 24 
hours from weft to eaft, it caufes an apparent diurual 
motion of all the heavenly bodies from eaft to weft. Bj 
this rapid motion of the earth on its axis, the inhabit- 
ants about the equator are carried 1,042 miles every 
hour, while thofe on the parallel of London are carried 
only about 580, befides the 58,000 miles by the annual 
motion above mentioned, which is common to all 
places whatever. The Earth's axis makes an angle of 
23I degrees with the axis of its orbit; and keeps nearly 
the fame oblique diredtion, inclining towards the fame 
fixed ftars throughout its annual courfe, which caufes 
the return of fpring, fummer, autumn, and winter. 

j^^j^ The Moon is not a planet, but only a fatellite or at- 

tendant of the Earth, going round the Earth from 
change to change, in 29 days 12 hours and 44 minutes; 
and round the Sun with it every year. The Moon's di- 
ameter is 2,180 miles ; and her diftance from the 
Earth's center 24,000.. She goes round her orbit in 27 

days 
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days 7 hours 43 minutes, moving about 2,290 miles 
every hour ; and turns roand«her axis exaftly in the 
time that (he goes round the earth ; which is the reafon 
of her keeping always the fame fide towards us ; and 
that her day and night together is as long as our lunar 
month. 

Thq Moon is an opaque globe, like the Earth, and 
fhines only by refledling the light of the Sun ; there- . 
fore, whilft that half of her which is towards the Sun is 
enlightened, the other half muft be dark and invifible. 
Hence, (he difappears when fhe comes between us and 
the Sun, becaufe her dark fide is then towards us. 
When flie is gone a little forward, we fee a little of her 
enlightened fide; which ftill i'ncreafes to our view as 
fhe advances forward, until fhe comes to be oppofite to 
the Sun, and then her whole enlightened fide is towards 
the Eatth ; and fhe appears with a round illuminated 
orb, which we call the Full Moon ; her dark fide being 
then turned away from the Earth. From the full, fhe 
fecms to decrisafe gradually as fhe goes through the 
other half of her courfe ; fhewingus lefs and lefs of her 
enlightened fide every day, till her next change or con- 
junftion with the fun; then (he difappears, as before. 

This continual change of the Moon's phafesdemon- 
ftrates, that fhe (hines not by any light of her own ; 
for if (he did, being globular, we fhould always (ee her 
with around full orb, like the Sun. She has very little 
difference of feafons, her axis being almoft perpendicu- 
lar to the ecliptic. What is very (ingular, one half of 
her has no darknefs at all ; the Earth conftantly afford* 
ing it a flrong light in the Sun's abfence ; while the 
other half has a fortnight's darknefs and a fortnight's 
light, by turns. 

The 
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The Earth is a moon to the Moon^ waxing and wan* 
ing regularly, but appearing thirteen timeg as big^ and 
affording her thirteen times as much light as {he does 
to us. When (he changes to us, the Earth appears full 
to her ; and when flie is in her firft quarter to us, the 
Earth is in its third quarter to her, and vice uerfa^ 

But from one half of the Moon the Earth is never 
feen at all : from the middle of the other half it is al- 
ways feen overhead ; turning round almofl thirty times 
as quick as the Moon does. From the circle which li- 
mits our view of the Moon, only one half of the Earth's 
fide next her is feen ; the other half being hid below 
the horizon of all places on that circle. To her the 
Earth feems the biggeft body in the univerfe; for it ap- 
pears 13 times as big as (he does to us. Her orbit 
croffes the ecliptic in two oppofite points, called the 
Moon's Nod^s ; fo that one half of her orbit is above 
the ecliptic, and the other below it. The angle of ob- 
liquity is 5I degrees : as theEarth turns round its axis, 
the feveral continents, feas, and iilands, appear to the 
Moon's inhabitants like fo many fpots of diflerent 
forms and brightnefs, moving over its furface ; but 
much fainter at fome times than others, as our clouds 
cover them or leave them. By thefe fpots the Luna- 
rians can determine the time of the Earth's diurnal 
motion, juft as we do the motion of the Sun : and per^ 
haps they meafure their time by the motion of the 
Earth's fpots ; for they cannot have a truer dial. 



Mars. 



The planet Mars is next in order, being the firft 
above the Earth's orbit : his diftance from the Sun is 
computed to be 125.000,000 of miles; and he moyes 
at the rate of 47,000 miles every hour : he goes round 

th« 



USEFUL KNOWLEDGE. 303 

the Sun in 686 of our days and 23 hours ; which is the 
length of his year, and contains 667I of his days ; every 
day and night together being 40 minutes longer than 
with us. His diameter is 4,444 miles ; and by his diur- 
nal rotation, the inhabitants about his equator are car- 
ried 556 miles every hour. His quantity of light and 
heat is equal but to one half of ours ; and the Sun ap- 
pears but half as big to him as to us. 

This planet being but a fifth part fo big as the earth, 
if any moon attends him (he muft be very fmall ; and 
has not yet been difcovered by our beft telefcopes. He 
is of a fiery red colour ; and, by his appuUes to fome of 
the fixed ftars, feems to be encompafied by a very grofs 
atmofphere. He appears fometimes gibbous, but never 
horned ; which both (hews that his orbit includes the 
Earth within it, and that he fhines not by his own light. 

To Mars, the Earth and Moon appear like two 
moons, a bigger and a lefs, changing places with one 
another, and appearing fometirnes horned, fometimes 
half or three quarters illuminated, but never full ; nor 
at moll above one quarter of a dbgree from each other, 
altho' they are 240,000 miles afunder. " 

The Earth appears almoft as big to Mars as Venus 
does to us ; and at Mars it is never feen above 48 de- 
grees from the Sun. Sometimes it appears to pafs over 
the difk of the Sun ; and fo do Mercury and Venus 5 
but Mercury can never be feen from Mars by fuch 
eyes as ours, unaffifted by proper inftruments; and 
Venus will be as feldbm feen as we fee Mercury : Jupi* 
ter and Saturn are as vifible to Mars as to us. His axis 
i^ perpendicular to the ecliptic, and his orbit is two 
degrees inclined to it. 

Jupiter, 
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Jofitcr. Jupiter, the biggeft of all the planets, is ftill higher in 

the fyftem, being about 426,000,000 of miles from the 
Sun ; and going at the rate of 25,000 miles every hour 
in bis orbit, fini(hes his annual period in eleven of our 
years 314 days and 12 hours. He is above 1000 timet 
as big as the Earth, for his diameter is 81,000 miles, 
which is more than ten times the diameter of the Earth' 

Jupiter turns round his axis in 9 hours 56 minutes . 
lo that his year contains 10,470 days ; and the diurnal 
velocity of his equatorial parts is greater than the fwift- 
nefs with which he moves in his annual orbit : a fingu- 
lar circumftance, as far as we know. By this prodigious 
quick rotation, his equatorial inhabitants are carried 
25,920 miles every hour (which is 920 miles an hour 
more than an inhabitant of this Earth's equator moves 
in 24 hours) befides the 25,000 above mentioned, which 
is common to all his furface, by his annual motion. 

His belts Jupitcr is furrounded by faint fubftances, called Belts^ 

in which fo many changes appear, that they are gene- 
rally thought to be clouds : for fome of them have been 
firft interrupted and broken, and then have vanifliec} 
entirely. They have fometimes been obferved of dif- 
ferent breadths, and afterwards have become nearly all 
of the fame breadth. Large fpots have been feen in thefe 
belts ; and when a belt vanifhes, the contiguous fpots 
difappear with it. 

chln^e of ^^^ ^^^^ of Jupiter is io nearly perpendicular to his 

fcafoBs. orbit, that he has no fenfible change of feafons : which is 

a great advantage, and wifely ordered by the Author of 

Nature ; for if this planet's axis was inclined any con- 

fiderabie 
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fiderable number of degrees, juft fo many degrees round 
each pole would in their turn be almoft fix of our years 
• together in darknefs. And, as each degree of a great 
circle on Jupiter contains 706 of our miles at a mean 
rate, it is eafy to judge what vaft trails of land would 
be rendered uninhabitable by any confiderablc inclina- 
tion of his axis. 

The fun appears but i-28th part fo big to Jupiter as but has 
to us; and his light and heat are in the fame fmall pro- °^ "^^^^ 
portion, but compenfated by the quick returns thereof, 
and by four moons (fome bigger and fome lefs than our 
earth) which revolve about him ; fo th?*t there is fcarce 
any part of this huge planet but what is during the whole 
night enlightened by one or more of thefe moons, ex- 
cept his poles, whence only the fartheft moons can be 
feen, and where their light is not wanted, becaufe the 
fun conftantly circulates in or near the horizon, and is 
very probably kept in view of both poles by the refrac- 
tion of Jupiter's atmofpherc ; which, if it be like ours, 
has certainly refraftive power enough for that purpofe. 

The orbits of thefe moons are reprefented in this Their pe- 
fcheme of the folar fyftem by four fmall circles on Jupi- jupken*" 
ter's orbit; but they are drawn fifty times too large in 
proportion to it. The firft moon, or that neareft to Ju- 
piter, goes round him in i day 18 hours and 36 minutes 
of our time ; and is 229 thoufand miles diftant from his 
center : The fecond performs its revolution in three 
days 13 hours and 15 minutes, at 364 thoufand miles 
diftance : The third in 7 days 3 hours and 59 minutes, 
at the diftance of 580 thoufand miles : And the fourth, 
or outermoft, in 16 days 18 hours and 30 minutes, at 
the diftance of one million of miles from his center. 

No. XX. R r Jupiter's 
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whaifignsit whtn SatuiTi is in the middle between thefc points, or 
moft oico in the 19th degree either of Gemini or of Sagittarius, 



to us. 



his ring appears moft open to us ; and then its loageft 
diameter is to its fliorteft, as 9 to 4. 

Places of The orbit of Saturn is 2| degrees inclined to the 
nodc^ * ecliptic, or orbit of our earth, and interfefts it in the 
21ft degree of Cancer and of Capricorn ; fo that Saturn's 
nodes are only 14 degrees from Jupiter's. 

Gonrgium On thc 13th day of March, 178^, between the hours 
of ten and twelve at night, as Dr. Herfchell, the Aftro- 
nomer Royal, at Windfor, was attempting to difcover 
the parallax of the ftars, b^ means of double, triple, 
and quadruple fixed ftars> he difcovered a new planet, 
belonging to our fyftem, as he was examining the fmall 
fiars near the feet of Gemini, which he named Geor- 
■giumSidcis, in honour to our prefent Sovereign. It is 
feldom to be feen very plainly by the naked eye : it^ is 
jiearly thc colour of Jupiter, or fomewhat paler and 
more faint; and its apparent diameter about 4 feconds. 
By the calculation of M. De la Lande,, we are told that 
his diftance from the fun is 19 times farther than the 
earth is; and its diameter is 4 i-half times that of the 
earth's. 

Every perfon who looks upon, and compares the {y{~. 

probabiT^ temsof moons together which belong to Jupiier and Sa- 

pUncti^ ^ ^^^^i muft be amazed at the vaft magnitude of thefe two 

itthabitcd. planets, and^the noble attendance thiey have in refpeft of 

our little earth: and can never brirtg hi mfelf to think that 

an infinitely wife Creator fhould difpofc of all his animals 

and V egetables here, leav ing the other planets bare and def- 

titute of rational creatures. To fuppofe that he had «ny 

view 
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the length of his days and nights, and the pofition of 
his axis, ara unknown to us at prefent. 

To Saturn, the fun appears only i-goth part fo big as His five 
to us; and the light and heat he receives from the fua 
are in the fame proportion to ours. But to compenfate 
for the fmall quantity of fun-light, he has five moons, 
all going round him on the outfide of his ring, and 
nearly in the fame plane with it. The firft, and nearefl 
moon to Saturn, goes round him in one day 21 hours 
19 miiiutes ; and is I40,0CX5 miles from his center. The 
fecond, in 2 days 17 hours 40 minutes ; at the diftance 
ot 187,000 miles. The third, in 4 days 10 hours 25 
minutes; at 263>ooo miles diftance. The fourth, in 
15 days 22 hours 41 minutes ; at the diftance of 600,000 
miles. And the fifth, or outcrmoft, at 1,800,000 miles 
from Saturn's center, goes round hini in 72 days 7 hours 
48 minutes. Their orbits, in the fcheme of the folar 
iyftem, are rcprefented by the five fmall circles on Sa* 
turn's orbit; but thefe, like the orbits of the other fa- 
tcUites, are drawn fifty times too large in proportion 
to the orbits of their primary planets. 

This ring, feen from Saturn, appears like a vaft lu- How the 
minous arch in the heavens, as if it did not belong to [JTIatura 
the planet. When we fee the ring moft open, its (ha- ^^ ***"'' 
dow upon the planet is broadeft : and from that time 
the fhadow grows narrower, as thcvring appears to do 
to us ; until, by Saturn's annual motion, the fun comet 
to the plane of the ring, or even with its edge ; which 
being then direfted towards us, becomes invifible on 
. account of its thinnefs. The ring difappears twice in In what 
every annual revolution of Saturn, namely, when h0 is ^^J*^™ 
in the 19th degree both of Pifces and of Virgo. And ^<>^« ^» .. 
* R r 2 when 
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and goodnefs among all his creatures ! and diftributiiig 
happnefs to innumerable ranks of various beings ! 



Aftronomical CharaSers explained, . 



T Aries 

>5 Taurus 

H Gemini 

S Cancer 

15 Saturn 
H Jupiter 
9 Mars 
O Sol (the Sun) 
J Ven\is 



SI Lc6 
fflf Virgo 
tax Libra 
m Scorpio 

Sf Mercury 
C Luna (the 

Moen) 
J^ Moon's north 

node 



^ Sagittary 
VS Capricorn 
£3 Aquarius 
K Pilces. 

^j Her fouth 

node 
© Tellus, Terra, 

or the Earth 



Cf Conjunftion when the planets are in the fame figa, 
deg. min. &c. 



* Sextilc when 2 figns dift. 
a Quartile when 3 figns 
dift. . 



A Trine when 4 figns dift. 
S Oppofition when 6 figns 
dift. 



Every planet and fatellite is illuminated by the fun ; 

and cafts a fhadow towards that point of the heaven 

• which is oppofite to the fun. This fhadow is nothing 

but a privation of light in the fpace hid from the fun 

by the opaque body that intercepts his rays. 

When the fun's light Is fo intercepted by the moon, that 
to any place of the earth the fun appears partly or wholly 
covered, he is faid to undergo aneclipfe ; tho*, properly 
fpeaking, it is only an eclipfe of that part df the earth 
where the moon's fhadow or penumbra falls. When the 
earth comes between the fun and moon, the moon falls 

into 
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into the earth's Ihadow ; and having no light of her own, 
Ihe fufFers a real edipfe from the interception of the 
fun's rays. When the fun is eclipfed to us, the moon's 
inhabitants on the fide next the earth (if any fuch there 
be) fee her ihadow like a dark fpot travelling over the 
earth, about twice as faft as its equatorial parts move, 
and the fame way as they move. When the moon is 
in an eclipfe, the fun appears eclipfed to her, total to all 
thofe parts on which the earth's fhadow falls, and of as 
long continuance as they are in the Ihadow. 

If the earth and fun were equally big, the earth's Iha- 
dow would be infinitely extended, and all of the fame 
bulk ; and the planet Mars, in either of its nodes, and 
oppofite to the fun, would be eclipfed in the earth's fha- 
dow. Were the earth bigger than the fun, its fhadow 
would increafe in bulk the farther it extended, and 
would eclipfe the great planets Jupiter and Saturn, 
with all their moons, when they were oppofite to the 
fun. But as Mars in oppofition never falls into the 
earth's fhadow, although he is not then above 42 mil- 
lions of miles from the earth, it is plain that the earth 
is much lefs than the fun ; for otherwife its fhadow could 
not end in a point at fo fmall a diflance. If the fun and 
moon were equally big, the moon's fliadow would go on 
to the earth with an equal breadth, and cover a portion of 
the earth's furface more than 2000 miles broad, even if it 
fell direftly againfl the earth's center, as feen from the 
moon; and much more if it fell obliquely on the earth : 
but the moon's fhadow is feldom 150 miles broad at the 
earth, unlefs when it falls very obliquely on the earth, 
in total eclipfes of the fun. In annular eclipfes, the 
moon's real fhadow ends in a point at fome diflance from 
the earth. The moon's fmall diflance from the earth, and 
the fhortnefs of her fhadow, piove her to be lefs than the 

fun. 
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fun. And as the earth's fhadow is large enough to 
cover the moon, if her diameter were three times as 
large as it is (which is evident from her long continu- 
ance in the (hndow when fhegocs through its center) it 
is plain, that the earth is much bigger than the moon. 

If the moon's orbit where coincident with the plane of 
^iTiv. iH-rc jjig ecliptic, in which the earth always moves and tJiefua 
ctJh'i. - appears to move, the moon's fhadow would fall upon the 
earth at every change, and eclipfe the fun to fomc parts 
of the eiirlh. In like manner the moon would go thro* 
the middle of the earth's ihadow, and be eclipfed at every 
full ; but with this difference, that fhe would be totSLlly 
d.irkcncd for above an hour and an half; whereas the 
urn nc\cr was above four minutes totally eclipfed by the 
interpofition of the moon. But one half of the moon's 
orbit is elevated 5 i-3d degrees above the ecliptic, and 
^^r imoii 5 ^j^^ other half as much depreffed below it ; confequently, 
the moon's orbit interfefts the ecliptic in two oppofite 
points, called the moon's nodes, as has been already ta- 
ken notice of. When thefc points are in a right line 
with the center of the fun at new or full moon, the fun, 
moon, and earth are all in a right line ; and if the moon 
be then new, her fhadow falls upon the earth ; if full, 
the earth's fhadow falls upon her. When the fun and 
r.rnii-. of ''"Joon arc more than 1 7 degrees from either of the nodes 
cdij-rfs. atthctimeofconjunflionjthemoon is then generally too 
high or too low in her orbit to caft any part of her fha- 
dow upon the earth. And when the fun is more than 
12 degrees from either of the nodes at the time of full 
moon, the moon is generally too high or too low in her 
orbit to go through any part of the earth's fhadow: and. 
in both thefe cafes there will be no eclipfe. But when 
the moon is lefs than ij degrees from eithef node at the 

time 
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timc'of conjunfiionvJicf fhaidow or penortlbra.falb more 
or tefs tipbn the earth as fhe is more or lefs within this 
limit. This admits of fome variation; for^ inapogeai 
edipieK, the folar limit is but 16 t-half degrees; and 
ia {lerigeal eclipfcs. it is 18 i«3d. When the fnU^oon: 
is in her apogee, (he will be eclipfed if fhe be within 
xo^i-faalf degrees 6f the node ; and when ihe isfuULin 
her perigee, (he will be eclipfed if fiie be within » 
i-jotb degrees of the iiode. - And when fbic it left difti^ 
f 2 degrees from either node ait the time of oppo* 
fiitionvihe^oes through a greater or lefs portiori^of tho 
earth's Aiadow as (he is more or lefs within thit limits 
.Hei* orbit contains 360 degrees ; of whioh ii^^tte limit 
of folar eclipfes on either fide of the nod^s^^zid la.thtf 
liihit of lunar eclipfes; ate but fmall portions : and t$ 
the fun commonly, paffes by the iiodes buttwiceixi 
a year, it is no wonder that we have £>^iia[oy iiewiiid 
fulLmoohs without cdipfes. : 

. To iUuftrate this, let A RC D^bc ^. jt'^Uptiq, JL S ri«« Xi. 
TU a circle lying in the ;fameplapewiri| the fdipticy 
and V W X Y, the qAoon'^ orbitjg .^11 throwoc into an 
oblique view, which gives ^m an eJUptical ihapc to 
the eye. . One half jdie inoon'^ orbit, aa V W Xj.^s al- 
ways below the ecliptic, and the other half X Y V 
above it. The points V *nd X, where the moon's 
orbit interfefts th^ circle R S T U, Which lies CVeit 
with tlie ecliptic, are the moon's nodes,^ atid Uie rig))t 
line, as X E V, drawn from one fide tO ^e other thro* xW^tof ilit 
the earth's center, is called the line of the nodes $ which ^"^ 
Is earned almoA parallel to itfelf round to thilr ftia is a 
'_year*\ " .. " ./ "" .' " 

If^tbo nioort' ihovdd fdiiiid the ^arth in'ti»e btbil 

*&' S T U which is coincident with the plane of the 

No. XX. Sf t^igtkf 
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cdiptic, her fhadow wcmU fall wpoa the earth every 
mme ihe is in conjunfkion with the fun ; and at evciy 
oppefitiDft 0ie would go through the earth^s lihadenr* 
Were this the cafe, the fim would be edipfed at eyerjr 
ehangeyiaadtbe moo^ ateveryfull^ as already mcstiofieiL 
. • ■ f "^ ; .: ■ : ^ • 

But altheiigh the iaoon*s fhadoVr N muft Ml upon the 
earth at a, when the earth is at E; and the moon iii'Coii- 
jenftiba with the fon ati» becao& ihe is thee very near 
eoe of her nodes ; and at her oppofition n ihe muft go 
dl9otigh.ttaeearth*rfliadowI, becanfe iheis thei^ eeif 
thebibertiedcj; yet^ in the time that ihe goes nouhd the 
tanh tdJher. next change^ ac^cdrdihg to the order of the 
Mteri Xi Vc V. W^ the earth advances from £.to c^ ac< 
c^MinglD die order of the letten £ F G H ; aad At 
libeecf the^faodbs^V E X being carried nearly parallel 
toitiel^ feeingsithr point f of the moon's orbit lacon- 
junftion with the fun at the next change; and thenitbe 
moon being at f, is too high above the eclipfe to caft 
. "■•J irf ftuftbw tw -the earth : and a^th^ earth is ftill mov 
itig fe^ard, Afc faobn'at h^r neit oppdfition wiH be at g, 
•160 faij bfer6*^*'ecli'ptic tb go ftrttigh any part of the 
'tiirthVrhaa6>#i'tePby tMt time JtBre point g will be at a 

eonfidtrablediftantt'frolii th^earl^,as fccii from the fun, 

V .' . . 1:.:;! -y'- ■ - ' ','■ . , •.:■'. J 

''*Whcn it)ie^eart{),tbipc^ to F, the moon inconjunjaiott 

With the run 2 is not at k, in a plane coincident with 

;tlSc cc1igtrc,'ib\it'a^ye'it at ^,'in the highefl part of her 

*^ -^-^ prbifrand'ffien^^^ goes far 

'above liie^cartfc as in %; 2, whi^^^ an edcre-viewof 

ng. I. The moon at her next oppofition is not ato^ 

fig. I, but at W, where the eardi's ihadow goes far 

:4M>V&i|fri.as4|i,%,^a9 {^./Ha|tH.U|MK(!» caie^.d^ i£ae of 

•^-^.'i'jr^.yi vH? J-'- ' :^^.. ':•:■...:, ..' . '.■ J " ^ 
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the nodes V F X^ %. i, is about 90 degrees froni the 
iv&i^aiul both-' luminaries are as far as poilible from the 
limits of eclipfes. 

-> When the earth has gone half round the cdiptic 
ffom-E to G, the line of the nodes V G X is nearly, if ' 
not eKaidiy; direfted towards the foil atZ; and then 
the new moon I cafts her fhadow P on the earth G ; and 
iiiefttU moon p goes through the earth's fhadowL; 
vrbich brings on eclipfes again, ms when the eaith was 
at E. 

When the earth comes to H, the new moon falls not 
at m ina plane coincident with the ecliptic C D, but , 
at Win her orb^t below it: and then her fhadow Q^ 
figk 2, goes far below the earth. At the next full fhe 
is not at q, fig. i# bpt at Y in her orbit 5 i-jd degrees 
above q, and at her greateft height above the ecliptic 
CD; ,being then as far as poffible, at any oppofition, 
from the earth*s ihadow M, as in fig. 2. 

So when the earth is at E and G, the moon is about 
her nodes at new and full ; and in her greateft north and 
fouth declination (or latitude, as it is generally called) 
from the ecliptic at her quarters : but when the earth is 
at F or H, the moon is in her greateft north and foi^th 
declination from the ecliptic at n^w an(!) her full, and 
in the nodes about her quarter?. 

^ The point X where the moon's orbit croffcs the ecliptic, >^^ ^^^^,^ 
is called the afcending node, bccaufe the moon afcends «fcending 

, , , and cle« 

frotn it above the ecliptic : and the oppofite point of icending 
ifttef fefiion V is called the defcending node, becaufe the ""^"^ 
inoon defcends from it below the ecliptic. When the Her north 
croon is at Y, in the higheft point of her orbit, ihe is ^^^^^^ 

S f 2 in 
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in her greateft north latitude ; and when (he is at W, 
in the loweft point of her orbit, (he is in her greatd 
fouth latitude. 

The nodes I^ the Hoe of nodes, like the earth^s axis, was carried 

tl^^ ^ parallel to itfelf round the fun, there would be juft hal/ 

motion 5 a year between the conjunfiions of the fun and nodes. 

But the nodes (hift backward, or contrary to the e^rtW • 

annual motion, 19 i-third degrees every y»ar; aod \ 

therefore ^e fame node comes round the lun 19 days I 

fooner every year than on tho year before. Confe* I 

quently,from ihe time that the alcending node X (when 1 

the earth is at E) palTes by the fun as 'een from the earth, j. 

it is only 173 days (not half a year) till the de(cendiDg 

. . . node V paiTcs him. Therefore, ii\ whatever time oi : 

which * * ^ . 

brings on tfae year we have eclipfes of the luminaries about eitfict ] 

fooncrcUry ^ode^ wc may be fure, that in 173 days aftervirard, we . 

?hcv would ft^^l have eclipfes about the other node. And when at anf ; 
Wt if the time of tlie year the line of the nodes is in the fituatioQ 

roJrs bad , , ^ 

not fuch a V G X, at the fame time next year it will be in the fi- 
tuation r G s ; the afcending npde having gone back- 
ward, /.^ contrary to the order of ligns, fronx X to s, and 
the defcending node from V to r ; each 19 i-gd degrees. 
At this rate the nodes (hift through all the figns and 
degrees of the ecliptic in 18 years and 2^5 days; in 
^hich time there Would always be a regular period of 
eclipfes, if any complete number of lunations were 
fini(hed without a fraflion. But this never happens; 
for if both the fun and moon (hould ftart from a line 
of conjufiion with either of the nodes in any point of 
the ecliptic, the fun would perform 18 annual reyolu* 
tions and 222 degrees over and above, and the moon 
230 lunations and 85 degrees of the 231ft, by the tiixK 
die node cjime round to the f^me point pf the ecliptip 

ap;ain; 
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agiin ; fo that the fun would then be 138 degrees from 
the node, and the moon 8 j degrees from the fun^ 

But, in 223 mean lunations, after tbt fun, moon, and A perM «ff 
nodes, have been once in a line of conjunSion, they re* •^^^ 
turn fo nearly to thefameu ftate again, as that the fame 
node, which was in conjun&ion with the fun and moon 
at the beginning of the firft of dtefe looations^ will be 
within 28 degrees 12 feconds of a degree of a line of 
conjundion with the fun and moon again^ when the 
laft of thefe lunations is completed. And therefore, 
in that time, there will be a regular period of eclipies, 
or returns of the fame eclipfe, jfor many ages. 



On the UNIVERSE. 



THIS wide machine the univerfe regard, ' 
With how much fkill is each apartment rear'd ! 
The fun a globe of fire, a glowing mafs, 
Hotter than melting Hint or fiuid glafs. 
Of this our fyftem holds the middle place. 
Mercury, the neareft to the central fun. 
Does in an oval orbit circling run ; 
But rarely is the objeft of our fight : 
In folar glory funk, and more prevailing light. 

Venus 



} 



I 



YoBkitsdie mik, rwiibfe Idvidf jbems adota't t/ 
As woll'ths dewy eveis lipfaingpiiioiii,'' ; 
Does in her orb in beauteous order turn. 
id to . ThctGRftfe TeiWftirra! next, with-flantihfe poles, 
Aiid.afl*itspoibd"i<ras'loid untvt^ry'd rolte. • • 

Mfcti itew'rH order, ferth&rfrdti'tife'ftltiy 

Docs'rft Jitecrre eWittfiyc OT^rtitr/' ^ ' * 

Then -we behoWTbfight pl^rtctir^ ^Joi^e^'* • : ^ 

SubGfAe in fpaco,' thro* his wMi prt)vii)o4 ttioVt ; 

Four fccond planets his dcMDinion oxmy ' 

And rcrtindKm tumiai round the earth die mobn. 

Satam revolving in a highierlphere, '■' 

Is by five mterii attended thro' hrs year. ' 

The vaft dimenfion of his path, is found 

Five thoufand million Englifh miles around. 

Then Georgium Sidus, fartheft from the Sun, 

In boundlefs fpacc doevTomdim'orbit turn. 

Yet is this mighty fyftem, which contains 
So many worlds, fuch vaft jethereal planes. 
But one of dioufandft whif h Compofe thq whole ; 
Perhaps as glorious, and of worlds as full ! 
The ftars which grace the high expanfion, bright. 
By their own beams and unprccarious light, ^ 
Tho' fome near neighbours fcem, and fome dl&lay 
United luftre in the milky way. 
At a vaft diftance from each other lie, 
Sever'd by fpacious voids of liquid iky. — 
All thefe ilhiftrious worlds, and many more, 
Which by the tube aftronomers explore ; 
And millions which the glafs can n'cr d^fcry, , 
Loft in the wilds of vaft immenfity, 
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